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FuNcrIm RExzulREMENT 

?his doc=ument establishes the functional requirements of the 
Galileo Orbiter plasma wave subsystem (PWS) wfiich is used t o  
investigate electric ard magnetic waves in  space plasmas. 

2 . 0  

The follawing doaanents form a part of this Functional 
Requirement. 

-3-100, Galileo Orbiter Wements and constraints applies 
t o  this document. of other Galileo level-three 
documents may also be applicable. It is the responsibility of 
the user to adequately acquaint himself w i t h  the oryanization and 
pertinent content of the level-three documents, as well as w i t h  
w i t h  the material wntained herein. 
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3.0  

3.2 

3 . 2 . 1  

3 .3 .2  

rBAwmGs 

Jet pranulsion Laboratory 

10085825 C-t Lata sheet Index and Guide 

10086759 Ews Interface control Drawing 

10086769 PWS Interface control Drawing 

Jet praaulsion Laboratory 

PD625-50 

PD625-52 

PD625-232 

project Galileo Policies and Require- 
ments for miter Science Investigations 

Galileo orbiter System configuration 
Management Plan 

GENERAL 

?he function of the Ews shall be t o  measure the chmcteristics 
of wave electric and magnetic fields in the Javian magnetospheric 
plasma. Ihe scientific objectives of this investigation are t o  
study the characteristics and origin of  plasma  waves in Jupiter's 

used to analyze wave-particle interactions that play important 
roles in controllbq the dynamics of the Javian magnets~h- and 
to study satelli- interactions. A s  a secondary 
cbjective a study w i l l  be made of Jovian radio emissions. 

sensina and Analocr Prooessinq 

Ihe PW shall use sensors opable of detecting wave electric 
fields and wave magnetic fields. 

"t=@=-=. Ihe measurements obtained w i t h  the Ews w i l l  be 

Caveraae 

?he pws shall measure wave ph- a t  frequencies be- 5 Hz 
and 160 kHz. Ihe AJS shall also measure wave electric fields 
a t  frequencies in  selected narmw in the frequency 
range 100 kHz to  5.6 MHz. 

Resolution 

Ihe PWS shall measure wave in  four f i l t e r  channels between 
5 H z a n d 5 0 H z .  Naninalbandwidthsshallbe,+15percentofthe 
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3.2.3 

3.2.4 

3 . 3  

3.4 

3.5 

4 .0  

4 . 1  

center frequency. me -1 tmve 112 f i l t e r  -1s between 0 
40 Hz anl 160 kHz w i t h  bandwidths of approximately _+ 2 percent of 
the center frequency. The Iws shall also have 42 channels w i t h  3 
kHz bandwidths at  frequencies between 100 lcHz and.5.6 MHz. The 
Galileo 2.4 kHz power supply  frequency shall be notched in each of 
these f i l t e r  channels at  frequencies above 400 kHz. The FWS shall 
also make high frequmcy resolution measurements w i t h  a wideband 
waveform receiver that w i l l  sample wave phenomena rapidly enough 
to enable -ion of the waveform in selectable bandwidths 
of 5 Hz  to 1 kHz, 50 Hz  to 10 kHz, ard 50 Hz to 80 kHz. 

Dvnamic Ranere 

The~shallmakemeasurementsoveradynamicrangegreater 
than 90 dB with spricus free response over a dynamic range 
greater than 70 dB. 

Arrplitude Resolution 

The pcJs shall resolve the anplitude of wave phemmena measured to 
w i t h i n  +2 dB. 

mta process- 
The instrument shall cyde thmugh various fi l ters ,  collecting, 
ccmpressing, A to D converting, and formatting data for outgut. 
?heartpltshallbeinlof4afixedformat. 0 
Siunal Interfacing - irrstnw?nt shall win a data interface w i t h  the mtnnand 
and data subsystan ( C I S ) .  anis interface shall condition signals 
for camtunication w i t h  the c136 to prwide instrument synchroni- 
zation, mode selection, and data readout. 

lhe PCJS shall accept 2.4 kHz power form the pawler/pyro s u k q s t m  
(PPS) and umvert it to the mcessaq voltages for circuit operation. 

mior Functional Elements 

lhePWSshal1ooasistofafau:channelfrequencyspectrumanaly- 
zer, a 112 charmel sweep f- receiver, a wideband waveform 
receiver, a 42-channd high freqwnq receiver, a data processing 
unit, and electric dipole antenna assembly, a search coil magnetic 
antexma assenbly, input electronics, a calibration generator, a 
search coil prearrplifier supplerental heater, and a pclk~er supply. 
ThePKSfunctionalblockdhgramshallbeasshminFigure1. 0 
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@ 4 . 1 . 1  

4 . 1 . 3  

Four Channel freauencv SDeCtrum Analvzer 

Rae four channel frequency spectsum analyzer shall measure the 
amplitude of signals in four f i l t e r  channels w i t h  a logarithmic 
canpressor. Ihe center frequencies & the naminal bandwidth of 
these four channels are Shawn in Table 1. 

Table 1. Spectnrm Analyzer F i l t e r  characteristics 

4 5.62 1, 5,  9, 13, 17, 21 25 
2 ,  6 10,  14,  18,  22,  26 
3,  7, 11, 15,  19,  23, 27 
4 ,  8, 12, 16, 20,  24, 28 

*Ncminal bandwidth of ,+ 15% 

Ihe 11.2 channel sweep frequency receiver shall measure the 
amplitude of signals in 112 f i l t e r  dxmnels w i t h  four logarithmic aqresso~s. The center frequencies and bandwidth of these 112 
channels are sham in Table 2. 

Wideband Waveform Receiver 

4 . 1 . 4  

The wideband  waveform receiver shall sample ard convert to digital 
form w i t h  4-bit aocuracy the waveforn  of the signal received by an 
autamatic gain -1 (AGC) reoeiver  rapidly enough to  all- 
reconstruCtion of the waveform in one of three bandpasses: 50 Hz 
to 10 kHZ, 40 H Z  to 80 kHZ, or 5 ~z to 1 kHZ. 'Ihis hi-rate data 
shall be SUFplied, serially to the bulk menmy through a special 
pupose interface, similar to the S I  hi-rate data. The waveform 
receiver shall operate in one of three hi-rate modes and a 
waveform survey mode (da ta  included in W format) as listed i n  
Table 3. 

F o r b "  channel Hiuh Freauencv Fkceiver 

?he forty-two channel high frequency receiver shall measure the 
amplitude of signals in forty-two f i l ter  channels w i t h  one log- 
arithmic capessor. 'Ihe center frequencies of these fortytwo 
channels are shown in Table 4.  W nominal bandwidth of these 
channels is 3 m. 
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83nd 
No. - 

1 

- 
l l r e r  
No. 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20  
21 
22 
23 
2 4  
2 5  

27 
26 

28 
29 
30 
31 
32 
33 
30 
35 
36 
37 
38 
39 
40 
41 

e 

“ 

Cntrr Frr- 
uuncy ( H z )  

4 2 . 1  
4 5 . 6  
4 9 . 0  
5 2 . 5  
5 6 . 0  
5 9 . 6  
6 6 . 7  
70. 4 
7 7 . 7  
81..  5 
8 9 . 0  
9 6 . 7  

1 0 4 . 5  

1 2 0 . 6  
1 1 2 . 5  

1 2 8 . 9  
1 3 7 . 3  
150 .2  
1 5 8 . 9  
17:. 5 
186. 4 
200.7  
2 1 5 . 5  
2 3 5 . 9  
251 .7  
2 6 8 . 0  
2 9 0 . 6  

337 
3 1 4 .  1 

364 
392 
420 
448 
476 
5 34 
563 
622 
652 
712 
714 
836 

” . 
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Table 2 .  W E E P  F H E I ) U ~ N L Y   H E C L I \ ’ L W  F I L T E R  CttARAC.FLRISTlCS 

- 
Bmd 

No. - 

2 

3 

- 
‘ i l t e r  

No. 

k 2  
4 3  
44 
4 5  
46 
47 
48 
49 
50 
51 
52 
5 3  
56 
55  
56 

57 
58 
59 
6 0  
61 
62 
6 3  
64 
65 
66 
67 
68 
6 9  
70 
71 
72 
73 
14 
75 
76 
7 7  
78 
79 
80 
8 1  
82 

- 
-5- 

:enter  Fre- 
Lutncy (Hz)- 

900 

1031 
965 

1098 
I201 
1 2 7 2  
1380 
1491 
1606 
1724 
1887 
2013 
2144 
2325 
2513 

2 . 7 0  kHz 
2 . 9 1  
3 . 1 4  
3 - 3 6  
3 .58  
3 .81  
4 . 2 7  
4.50  
4 . 9 8  
5 .21  
5 . 7 0  
6 . 1 9  
6 . 6 9  
7 . 2 0  
7.72 
8 . 2 5  
8 . 7 8  
9 .61  

10.17 
11 .04  
1 1 . 9 3  
12 .85  
1 3 . 7 9  
1 5 . 0 9  
16 .11  
1 1 . 1 5  

- +90 

- 
liter 

N o .  

83 
- 
-i+ 
a 6  
87 

89 
90 
91 
92 
9 3  
94 

9 6  
95 

97 
9 8  
99 

100 
101 
102 
103 
101. 
105 
106 
107 
1 0 8  
109 
110 
111 
112 

8e 

rnrrr  Frc- 
uencv (kI i4  

1 8 . 5 5  k H z  
2 0 . 1 0  
2 1 . 6  
2 3 . 3  
2 5 . 1  
2 6 . 9  
2 8 . 7  
3 0 . 5  
34. 2 
3 6 . 0  
3 9 . 8  
4 1 . 7  
4 5 . 6  
4 9 . 3  
5 3 . 5  
5 7 . 6  
6 1 . 7  
6 6 . 0  
7 0 . 3  
76 .9  
8 1 . 4  
8 8 . 3  

1 0 2 . 8  
9 5 . 4  

1 1 0 . 3  
120 .7  
1 2 8 . 9  
1 3 7 . 2  
1 4 8 . 8  
1 6 0 . 8  

t 7 2 0  - 

I 

I 

I 

I 

: 

i 
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4 . 1 . 5  Data processina unit 

The data processing unit shall perfom sampling, 8-bit analog-to- 
digital  wmersion,  storage, and muting of data f r m  the spectrum 
analyzer, the sweep frequency xeceiver, and the high frequency 
rx!eiver. Ihe data processing unit shall g-te clocking and 
timing pllses fran signals received on the bus. 'Ihe data 
processing unit shall provide a bus adapter to interface between 
the a16 Ims and the PWS. The data processing unit shall also 
collect and mute sampled data f r m  the waveform receiver in tsm 
~ , 5 0 H z t o l O M I z a n d 5 H z t o l H z , w h e n i t i s i n t h e  
Waveform Survey Made. A fixed mrmber (280) of these samples shall 
be collected a t  a rate of 100.8 or 12.6 kb/s, Stored in  the data 
processhq  unit, and clocked into the low rate science format a t  
an effective rate of 120 b/s. 

Table 3. W i a e b a n a  Waveform Receiver operating Modes 

Mode 

- 1  

Male2 

Mode3 

50 H Z  - 10   HZ 100.8 kb/s 

50 H Z  - 80  HZ 806.4 kb/s 

5 H Z - 1 m  12.6 kb/s 

Waveform fluvey Mode 50 H Z  -10 kHz 100.8 kb/s, 
(Mode 4) 12.6 kb/s 

alternating 
every 9.3  Sec. 
(14 US frames) 

N o t e :  Data rate is rate a t  which data is clocked into the 
C I S  kilk nemzy. Effective data rates in spa-& 
telgnetry w i l l  be less than or equal to these rates, 
dependingonhow~dataisclockedintothe 
wanetry stream. 

8 
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Table 4.  High Frequency Receiver F i l t e r  characteristics 

0.10- 
0.18 

0.20- 
0.35 

0.40- 
0 .71  

0.81- 
1 .41  

1 .61  
2.82 

3.23 
5.65 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
l 2  
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

0.1008 
0.1134 
0.1260 
0.1386 
0.1512 
0.1638 
0.1764 
0.2016 
0.2268 
0.2520 
0.2772 
0.3024 
0.3276 
0.3528 
0.4032 
0.4536 
0.5040 
0.5544 
0.6048 
0.6552 
0.7056 
0.8060 
0.9070 
1.008 
1.109 
1.210 
1.310 
1.411 
1.613 
1.814 
2.016 
2.218 
2.419 
2.621 
2.822 
3.226 
3.629 
4.032 
4.435 
4.838 
5.242 
5.645 
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4.1.6 

4.1.7 

4.1.8 

4.1.9 

4.1.10 

4.1.11 

4 .2  

Electric Dimle Antenna Assembly 

The electric dipole antenna m l y  shall receive plasma  wave 
electric fields with bo deployable elements. ?tJo preanplif iers 
integralwiththeassenblyshallbeusedbetweentheantenna 
elements and the main electronics package. 
munetic Antenna  Assembly 

The magnetic antema assarbly shall receive plasma wave magnetic 
fields w i t h  two search coil mgnetmeters awering the frequency 
rarrges 70 Hz to 3 .5  )biz and 1 to 50 kHz. A preamplifier shall be 
used ktween each search coil and the main electronics package. 

InartElectronics 

m p t  electronics mnsistjng of differential  amplifiers, analog 
switches, natch filters, and drivers shall mute and condition 
the signal the two antema assenblies and the major 
-lies w i t h i n  the main electronics package. 

calibration Generator 

A calibration generator shall be prwided to supply a calibration 
signal to the search coil magnetic antemas. This calibration 
signal shall wnsist of a one volt peak--peak square wave at  
960 Hz. Calibration data w i l l  be processed by the PWS similar t o  0 
no& science data. 

The power supply shall wmer-t the 250 volt, 2.4 kHz pclk~er for 
the orbiter into regulated voltages required by the instrument. 

search Coil -1ifier SWDlemntal Heater 

To maintain suitable tenperatwe for the search coil preamplifier, 
a su~plgaental electrical heater shall be prwided. T h i s  heater 
w i l l  be switchd by the C I S  and PCkJered f m  the S / C  30 VDC supply. 

mta hroclessina and Format 

CQRnandS fmn a for instrument control w i l l  be shm in 
-3-290, Cam?& stmctum an3 Assignments. Telemetry w i l l  be 
s h a ~ n  in -3-280, wemetry ~sasurements and Data F O ~ ~ S .  
Data bus protocol w i l l  be as shm in G-3-270, Galileo Orbiter 
mta systean Interccnrmunication Requixments. 

10 
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wmte  mta 

4.2.2 

4.2.3 

mta processing for the lo-rate data shall consist of 
perfonning analog-todigital conversions of data fmn the 
spectmm analyzer, sweep frequency receiver, the waveform 
receiver, axd the high frequency receiver:  storing the d ig i t i zd  
data;axdsendingdatatothe~throqhthebusadapkr.  All 
pclJs lo-rate science data shall be clocked serially to the (3136 bus 
i n  one block of 18 eight-bit wo-. One 8-bit digital s t a tus  
word and one 8-bit analog erqineering word w i l l  also be provided 
inunediately  preceding this  18-mrd block of science data. T h i s  
resul ts  i n  a total block of 20 8-bit words at  an effective data 
rate of 240 bits  per second. The CDS w i l l  provide ccmumds to 
enable the FWS to corrtrol the mi-, sampling, and routing of 
these data. me format for the pws science and engineering words 
is shown i n  Figure 2. The position of the high frequency 
receiver channels in  the lo-rate science format is sham i n  Table 
5 .  ?he position of the sweep frequency receiver channels i n  the lo- 
rate science format is shown in Table 6 .  

Hi-Rate mta 
Data processing for the pws hi-rate data shall consist of 
perfonning an analog-to-digital conversion  of sampled data frum 
the waveform receiver and routing that data to the C I S  bulk 
memry via the hi-rate data interface. Appropriate synchronizing 
wo& shall be pmvided to enable the CIS to clock the data into 
the bulk menw>ry. "e Format for the hi-rate data is shown i n  
Figure 3. 

pws Diaital Status 

ThepclJsshallmakestatusmeawmmmtsinthepwsdigitalsta~ 
word as shown in Figure 4 and GLJi3-280. 

11 
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SCIENCE DATA 

F I L T E R  CHANNELS WAVEFORM 

SFR HF SA SFR H F  SURVEY DQ 

4 1 3  1 4 2 2 1 1  
DATE 

FILTER CHANNELS WAVEFORM 
DQ SURVEY 

DATA 

FRAME 4 PI' FILTER CHANNELS WAVEFORM 
DQ SURVEY 

DATA 

F 20 8-bit WORDS 

ONE FRAME = 0.67 seconds 
O N E  SPECTRAL SCAN = 28 FRAMES 
ONE SAMPLE OF BOTH E & B * 56 FRAlES 
ONE WAVEFORM SURVEY SAMPLE = 14 FRAMES 

DPP = DIGITAL  PERFORMANCE PARAMETERS 
DQ - DATA QUALITY 
CMD ST. = COMMAND STATUS 
H F  = HIGH FREQUENCY RECEIVER CHANNEL 

SAMPLES OF BOTH WAVEFORM SURVEY 

ONE HIGH FREQUENCY RECEIVER S A M P L E  = 28 FRAMES 
FREQUENCY RANGES = 28 FRAMES 

SFR - SWEEP  FREQUENCY RECEIVER CHl\rLuEL 
SA - SPECTRUM ANALYSER C W E L  

ONE SFR SAMPLE - 28 FRAMES 

Figure 2. PWS Low Rate Science Format e 
12 
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HF 1* HF 2* 
Frame No.* (F i l t e r  No. 1 ( F i l t e r  No.) 

1 15 1 
2 22 1 
3 29  8 
4  36  8 
5 16 2 

7 30  9 

9 17 3 
10 24 3 
11 31 10 
12  38 10 

6  23  2 

8 37 9 

13 18 4 
14  25  4 
15 32 1 
16 39 11 
17 19 5 
18  26 5 
19 33 12 
20 40 12 
21 20 6 
22  27  6 
23 34 13 
24 41 13 
25  21 7 
26 28  7 
27 35  14 
28 42 14 

*See Figure 2 & Figure 4. 
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Table 6.  Position of Sweep FYeqwnq Receiver Data in --Rate Science F o m t  @ 

Frame SFR 1 SFR 2 SFR 3 SFR 4 
No. ( F i l t e r  No.) ( F i l t e r  No.) ( F i l t e r  No. ) ( F i l t e r  No. ) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41  
42 
43 
44 
45 
46 
47 
48 
49 
50 
51  
52 
53 
54 
55 
56 

57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 

85 
86 
87 
88 
89 
90 
91  
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
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HI-RATE 
DATA 1 

HI -RATE 
DATA 2 

HI-RATE 
B I T  SYNC 

R T  I 

m: 

- d r  L - r - 0 . 6 2 p s e c  

n 
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I C R  
MSB L J U  

I I L I I 
ANT . CMD 
sw 

I I I I I A 
POS. 

STATUS 0 - 2 7  C O U N T E R  

BIT  1 2 3 .  

BITS 1-6 D I G m  -E P- 

4 5 6 7 8 

BIT1 Antenna switch position 
O = E  
l = B  

BITS 2-6 0-27 ccX;mter 

Wavefonu survey data: frame No. 1-14 is waveform survey low 
rarye ( 5 H z  - 1 kHz), frame No. 15-28 is waveform 

Survey high frequency (50Hz - 10 )biz). 

Other xi- data: see Table 1, Table 5 ,  and Table 6 .  

BITS 7-8 

Frame 1 CMD WRD, Ems 1-2 
Frame 2 CMD wm, BITS 3-4 
Frame3 CMDm?D,BITS56 
Frame 4 CMD WDRD, BITS 7-8 

16 
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0Derath-a Modes 

5 .0  

5 .1  

5 .1 .1  

5.1.2 

5 .1 .2 .1  

5.1.2.2 

5.1.3 

5 .1 .3 .1  

5.1.3.2 

The FWS shall operate in the operating des Shawn in the FWS state 
diagram shown in Figure 5.  The FWS CarrPMnd format is sham in 
Figure 6 and -3-290. CarrPMnds are issued by the CC6 and may be 
either gmurd carnrards or sequenced canrmands. 

E l e c t r i c a l  Interfaces 

General 

a. Basic requiremerrts for electrical grounding, electrical 
bonding, electrical interface circuits, and electramagnetic 
ampatibility are contained in GIJr3-260, E l e c t r i c a l  G r o u n d i n g  
and Interfachg. 

b. Specific system-level for electrical interface 
circuits and grcxnd are contained in the applicable circuit 
data sheets. see JPL Drawing 10085825, C i r c u i t  mta sheet 
Index and Guide. 

c. All spacecraft flight and mbilical  interface circuits, e.g., 
-, subsystem-launch vehicle, and fllbsystenr- 
support equim thrargh the mbilical connector, are listed 
i n  -3-110, Functional Block Diagram and Interface Listings. 

d. All spacecraft non-flight cirarits, including direct access 
c”, are listed in -3-1110, Support E&m FIXE- 
tiondl Block Diagrams a d  Interface Listings. 

2.4 kH2 FWtEr ( P P s Z  

Pws - pws Sensor Interface 

E l e c t r i c  Antenna -1ifier - Main E l e c t r o n i c s  

The interface between the electric antenna preamplifiers and the 
main elecbmics includes positive and negative 11 volt power and 
signals frrm both preamplifiers. 

Maunetic Jmtama -1if iers - Main Electmnics. 

?he interface between the magnetic antenna preamplifiers and the 
main electronics inch&s positive and negative 11 volt power, 
signals fran both preamplifiers, calibration signal t o  the seardl 
coils, and preamp tanperature. 

17 
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FROM 
A N Y  PWR O N  
5 TAT€ 

NOTE: ALL STATE CHANGES 
INITIATED BY CDS 
C O M M N D  

Figure 6 .  WS State Diagram 

18 
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c 

CD5 BUS COMMAND FORMAT’ 

PSEUDO ID ~ l l O l O l l l  1 
0 0 0 0 0 0 0 0  

8-bit CMD 

‘THERE ARE OTHER BYTES IN THIS BUS TRANSACTION. THESE ARE THE ONES OF 
I N T E R E S T  TO PWS COMMAND  DECODING CIRCUITRY. 

”ADDR HI AND ADDR LO ARE IDENTICAL FOR .PWS COMMANDS (0 0 0 0 0 0 0 0) 
A N D  SPACECRAFT  TIME TRANSACTIONS ( 1  1 1 1 1 1 1 1 ) .  

DEFINITION OF 8-bit CMD WORD 

MSB L5 B 
I 1 

WF CMD CAL ANT SW ANT INHIBIT/ 
I N H I B I T  CYCLE EN ABLE sw INHIBIT/ SELECT ENABLE) WF WF RECEIVER WF 

PWR MODE 

* I 
B I T  1 2 3 4 5 6 7 8 

B I T  1 WF CMD INHIBi7,’ENABLE 0 = ENABLE 1 = INHIBIT 
B I T  2 SA ANT S W  0 = E  1 = a  
B I T  3 ANT SW INHIBIT/CYCLE 0 = CYCLE 1 = INHlBlT 
B I T  4 CAL ENABLE;’INHIBIT 0 = INHIBIT 1 = ENABLE 
B I T  5 WF SELECT 0 = E  1 = B  
B I T  6 WF PWR 0 = O N  1 ’: OFF 

‘BITS 7-8 WF ACVR M O D E  00 - WF SURVEY 
01 = 100.8 kb/sec 
10 = 806.4 kb,’sec 
1 I = 12.6 kb/scc 
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7 .2  

7 . 3  

7 . 4  

7 . 5  

7 . 6  

7 .7  

- Fuwer 

cormmption of the PWS shall be as specified in G s 3 - 2 5 0 ,  
Fuwer Profile am3 Allmtions. Rmer expressed herein is for 
infomation only: 5.92 W, waveform receiver power OFF ; 6.8.  W, 
waveform receiver power ON . The pmer for the supplementary elec- 
trical heaw shall be 3 .OO W. 

Volume 

Ihe volm of the PGJS shall be as  specified in ICDs 10086759 and 
10086769, and GLLr3-180. 

Esnrirorrmental 

Ihe PWs shall be designed to operate w i t h i n  specification mer the 
qualification teqerature range, which is: 

a. MainEl-cs -20/+75OC 

b* Mag" -35/+75oc 

c. ElectPreAmp -45/+75oc 

d. search Coils -125/+75OC 

e. Dipole Antema Elements -196/+75OC 

In  Addition, the PWS shall be ocanpatible w i t h  a l l  the 
of -3-240, Envirolrrmental Design Requirements, and -- 
Design Criteria for -ture control. 

ts 

L 

Packaffinq 

The pws shall be packaged in aamrdance w i t h  the aRlicable  sections 
of GLLr3-220, Electronic Esuipnent Design. 

Identification and Marking 

The PCJS shall be identified in acm,rdance w i t h  ICRs 10086759 and 
10086769; Section VII, Part F, Configuxation Manag-, of 
FD635-52, Project Galileo Policies, and Re@mmmnts for miter 
science Investigations; ani Section VII, Equiptent Idmtification 
and ~arking, 625-232, Mile0 orbiter configuration Managmt 
Plan. 

Inertial Pmperties 

The shall be in accordance w i t h  the  applicable  sections of 
-3-200, Inertial Praperties. 

3 
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7 .8  

8.0 

9 .0  

9 . 1  

9 .2  

G-4-2023, Rev. B 

The structural design of the WS shall be in  accordance w i t h  
GU-3-190, Structural Design Criteria. 

SAFEm CXXJSI~ONS 

The shall constitute no unusual safety hazard. Special 
hanclling is required for the RHUS. The search coils nrust be 
pratected frun laqe alternating magnetic fields. 

S” 

oscillator svnchronization 

In orbiter subydem, all oscillator circuits and countdown 
circuits in the range of 5 hz to 6 M H z  w i l l  be a harmonic  of the 
2.4  kHz power frequency unless otherwise approved by waiver. 

Electranamtic Interference 

Electric and magnetic field interference fm other 
measured a t  the pws antenna assemblies should be below levels 
specified in PD625-50, Galileo Orbiter Science Requirements Dowment. These levels are repeated in Table 7 ,  and are appmx- 
imately equivalent to the pws instrument sensitivity. Allowable 
fllbsystem emission levels are shown in GLk3-240. If all s u b  
systems meet these -ts then the maximum science data w i l l  
be possible. 

23 
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Table 7. Maximm EMI mels  

Electric F i e l d  Interference at Electric Antenna Assembly - Intearated E l e c t r i c  F i e l d  

1Hz - 4kHz 0.5 V/m in 30% bandwidth 

4 Miz - 400 kHz 0.5 V/n in 15% bandwidth 

1Hz - 2kHz 50 V/M 

250 Hz - 85 KHz 50 'V/m 

400 KHz - 10 MHz 0.5 V/m in 1   HZ bandwidth 
bebeen hanmnics of 2 .4  kHz 
PCkJler supply frequency 

Mametic F i e l d  Interference at Maamtic Antenna Assmbly 

Freauencve Inteqrated Macrnetic F i e l d  

1Hz - 1kHz 40 in 30% bandwidth 

1 kHz - 100 kHz 30 in 15% bandwidth 

1Hz - 2 m  2 

250 Hz - 85 )biz 1 

24 
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EauiDutential Sx~cecraft 

The use of an equipotential spacecraft t o  control spacecraft 
charging w i l l  assist in  amtmlling electrarnagnetic radiation from 
the orbiter and possible electric interfererce from discharges on 
the surface of the  orbiter  resulting from differential charging. 

25 
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Appendix  to 625-205-GL -3-310, Flight  Software  Requirements L 
5.0. Overview of 3-310 

This document  summarizes at associated  with  the  Phase 2 flight 
s/w changes. For ease of  in the  same  order as in  the 
Level 2 document. For  followed by a  description 
of the processing  description of the  changes 
in the  instruments’  flight  s/w. 

5.0.1. Use of Fill Data I 
Whenever  the  downlink  rate excee the  rate of  RT data  generation  and  PB data are not 
available, CDS will fill the  excess with  high-rate  PWS  data  collected  from  the  PWS 
LPW  buffer,  placed  into  442-byte header), and then into RT  VCDU’s. 
These are sent to the  TLM  build 

5.0.2. Buffer Management I 
CDS  will  provide  a  large (70K) Buffer. This buffer  will be  used to temporarily 
store raw DMS tape data prior raw  RRCC data, processed DMS tape data 
(VCDUs) prior to downlink, data (VCDUs), and processed R/T science * data (VCDUs)  prior  to downlink. 

CDS  will  provide  a  smaller (4K) Buffer. This buffer  will be  used  to  temporarily  store 
engineering and  OPNAV  (VCDUs).  Ready  data in this buffer  will  always be 
given  priority  over data when  constructing  the  downlink  frame. 
Capability  will  be  store the engineering data during  periods of no 
downlink. 

CDS  will use the 13.5K  Imaging  I line buffer for three  purposes.  About 5K will be used to 
process NIMS PB data when  this  is active. At other  times  about 1ZK will be used to 
support PPR Burst-to-tape. the SSI playback data is  being  processed, the full 
buffer  will  be  used to select send to AACS for ICT compression. In the case of 
the  NIMS data, about 15 after the data is acquired to process and 
packetize it. The ICT 
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5.0.3. CDS Internal Fault Protection Changes 

CDS  will  terminate  the  new  phase 2 non-redundant  processes  after  detecting  any  privileged  or 
non-privileged  CDS  internal  fault  if  that fa& triggers  an SFP response.  Note  that S/C Safing 
SFP response  creates  a  CDS  non-privileged  error. 

CDS will  terminate  the new  phase 2 non-redundant  processes  prior  to  executing  any SFp 
response  to  provide  adequate  resources to execute  the  routine.  Excepted  from  this 
requirement  are  the  "normal" SFP functions of Thruster  Firing  Imminent (TFI), Thruster 
Firing  All  Clear  (TFAC),  and  the LLM SFP Temperature  Monitors. 

CDS  will  initiate  S/C Safhg SFP response  after  any  fault  which  terminates  the  new  phase 2 
non-redundant  processes. 

CDS  will  provide for autonomous  detection of a  despun  bus  reset and will  then  recover  the 
affected string, request  a  new (TBD) SFP response,  and  will  continue  the  execution of the 
stored  sequence.  Functions not  compatible  with this requirement  will be moved  out of the 
despun LLMs. 

5.0.4. System Fault Protection  Changes 

While  most  of  system  fault  protection  is  unchanged  and  provides  the  same  level  of  single  fault 
tolerances as currently  exists,  selected  system  fault  protection  functions  will  be  changed in 
order to save memory,  and  to  make  responses  compatible  with  the  new LGA functions. 

5.0.4.1. Algorithm Deletions 

Delete  system fault protection  algorithms  not  required  during  the  orbital  operations 
period.  These  include: 

a. 
b. 

d. 
e. 
f. 
g. 
h. 

C. 

RPM Overpressure  (monitor  and  response) 
Celestial  Reference Loss (response) 
AACS-INIT-C (relayljoi  sections of the  response) 
UVREC-C (relayljoi  sections of the  response) 
DMS Recovery  (move  non-critical  mode  portions to UVREC-C) 
Critical  Mode  Operation 
Critical  Mode SAFING response 
DBUM Swap 
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Modifications  to 

Modify system fault  prote d to  support  the LGA mission. 
These  will  include: 

a. SAFING S-TWTA-HI, FPWS-COLD), Bay 

b. TFAC 
c. RPMSAFE 
d. UVREC er a UV-trip (PLS Instrument 

, Supplemental Htr ON) 

FP after recovering  from  a 
ands necessary  for SIC and 
e  despun bus reset.  The 
ow concurrent  execution  with 

GA mission  in order to 
clude  Critical  Operations 

Mode (including 6MARK FC). 

e 
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5.06. Science Instrument  Software Changes 

The  following table summarizes the  changes  which  are  being  made  in  the  software  within  the 
science  instruments.  The  column  labled  “Class”  indicates  the  size of the  reprogramming as a 
fraction of the initial  programming  effort:  Class 1 = <20%,  Class 2 = 20%-40%,  and 
Class 3 = 40%-60%. 

Instrument 
SSI 2 Slow  image  readout 

2x2  sum  at  low  rate 
On-chip  mosaic 

Decrease  housekeeping  data 
Add realtime  data 

NIMS 2 Edit  mirror position, h 

PPR 0 None 
EUV 1 Store sDectrum bv sector 
uvs 1 Change  observational  modes 
MAG 2 Redesign  oDtimal averager 
DDS 1 Add lower data rate  capability 
PLS 3 Decrease  cycle  time,  resolution 

I 1 Compress  sensor data 
Minimize  housekeeping  data 

PWS 0 None 
EPD 3 Change  to  spin-based  sampling 

Reduce  channel  sampling 
Minimize  housekeeping  data 

HIC 0 Reconfigure  for MRO’s 
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The 

Packet Format Summary 

table  below  shows  a  typical  telemetry  packet.  The  top  row  gives  the  names of the  fields, 
the  second  row  the size of  the fields in bits, and  the  third  row  the  data  entered. 

The  first  bit of  the packet,  the  Time  Included  flag,  is  set  to 1 for  those  packets  which  include a 
time field. The  rest  of  the first byte  is  the  Application ID, which is used  to  identify  the  source 
of the data and  the format of the  rest of the  header.  The  next  nine  bits  give  the  byte  count of 
the  data  portion of the  packet.  Next  is  the  7-bit  Sequence  Number,  which  is  a  packet  counter 
separately  maintained for each  Application ID, going  from 0 to  127  and  then  rolling  over to 0 
again. 

Next  is  the  Format ID, which  is  not  present  for  all  Application I D S .  It  is  used to give  further 
information  about  the  contents of the  packet,  typically  giving  the  data  rate  or  instrument 
mode. 

Following  is  the  optional  time  field,  whose  length  and  content  depends  on  the  needs of the 
ground  data  processing  system. It is  always  included  in  packets  with  a  Seq # of 0, &d 
generally also when  Seq # modulo  some  specified  power  of  two is zero, e.g., “every 16th 
packet.” Time is also included  in  the  first  packet  of  a  new  “set” of data,  such  as  the start of a 
record mode or  switching  a  data  stream  from  deselected to selected,  indicating  a  break  in  the 

and  the  least  significant  two  and  a  half  bytes of  the RIM count. 
e steady  collection of data. In the  example  shown,  the  time  field  contains  the  minor  frame  count 

If the  time  field  is  missing,  the  Format ID is  in  the  most  significant  nybble  of  a  byte  by  itself. 

MAG  RT Data 

Rev -- Page 5-5 4 November, 1993 



Appendix to 625-205-GLL-3-310, Flight Software  Requirements 

5.1. SSI 
5.1.1. SSI Data Pickup 

L .  

In addition  to  continuing  to  supply  94.56  kb/s  for  HIM,  768  kb/s  for  IM8 and  AI8,  and 
31  1.04  kb/s  (372.48  including WS) for  IM4,  SSI  will  supply  77.76  kb/s  (93.12  including IUS) 
for HCA  and  94.56  kb/s  for HMA and  HIS.  It  also  will  continue  to  supply  144  b/s (12 bytes 
per mf) status  data  for  LPW. 

5.1.2. SSI Processing in CDS 

CDS  does  a  lot of processing  for  SSI  data.  In  all  cases it deletes  prepare-cycle  data,  header 
and fill. The  location of these  data  is  mode-dependent.  CDS  deletes  the  Reed-Solomon  code 
from  the  compressed  modes  HCA  and  IM4.  CDS has an editing  process  for  uncompressed 
SSI  science  imaging  data  (windowing) and  two  types of compression  (in  AACS): an 8x8  ICT 
compressor  at  various  commandable  target  compression  ratios  and a lossless  compressor. 
CDS can  apply  either  compressor  or  neither,  with  or  without  windowing.  Windowing  consists 
of saving  only  one sequence/PB-table-specified rectangular  region of the  image  for 
compression  and  downlink.  The  window  will  be  a  multiple of 8  columns  and  8  rows. 

The  ICT compressor  operates  fast  enough to keep  up  with  the  7.68  kb/s  tape  playback.  It  can 
accomodate  playback-table-selectable  target  compression  ratios  ranging  from 2: 1 to 80: 1. 
CDS  will  load  into  AACS  optimized Q tables  and  Huffman  tables  indicated  by  the  playback 
table.  Another  option  is  a  fixed-size  “truth  window” of losslessly  compressed  data  in an 
otherwise  ICT-compressed  image. 

The  specification of  processes  and  parameters  involves  the  usual  PB  table  algorithm  and 
parameter  fields,  plus  a  special  second  8-byte PB table  entry.  The  algorithm  field of the  first 
entry has  two  bits to specify  the  compression  type and  1044-byte  Huffman  table to use 
(ICT-atmosphere,  ICT-satellite,  lossless,  BARC), two bits to point to which of the  3  128-byte 
Q tables  should be  used,  and  one  bit  to  specify  the  zigzag  pattern.  The  parameter  field  is  the Q 
factor. 

The  extra  PB  table  entry  specifies  the  windowing  and  truth  window  (if  present). The first  byte 
give  the X coordinate of  the  pixel  start  of  the  window to be  processed,  the  next  byte  gives  the 
Y coordinate,  the  next  byte  gives  the  picture  width,  and  the  following  byte  the  height  all  in 
8-pixel  units. To indicate  that  no  windowing  is  being  done,  the  first 4 bytes  should  be (0, 0, 
1 0 0 ,  100). The last two  bytes  give  the X and Y coordinates of the  upper  left comer of the 
losslessly-compressed 96 x 96  truth  window  (for  ICT-compressed  images only) in  the  same 
units. If  no truth  window is desired,  both  bytes  should  be 255. 
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In order  to  reduce the quantity of downlink  data,  none of the  ground-specified  (sequence  or 

responsible for using  the  appropriate  parameters  from  predicts  for  processing  the  data. 
* playback table) processing  parameters  are  included  in  the  data.  The  science  team/MIPL is 

Each  packet  contains  data  from  only  one  image.  Except  for  the.  grouping  of 8 lines of data 
together.  for  the ICT, data  are  processed  and  returned  in  the  same  order in which  they  went 
onto  the DMS. Time is included  in  the  first  data  packet  for  each  image and every 64* packet. 

The  data from the ICT and  lossless  compression  consist of a up  to 100 strips of compressed 
data,  each  strip  containing  data  from 8 lines (up to 100 8x8 blocks).  Each  block of data 
consists of Huffman  codes  from  the  8x8  region  followed by a l-bit flag  which  is  set  to 1 if  the 
attempted  compression  resulted  in  expansion. In  the  case  of expansion,  for ICT the  data 
returned  are  truncated  at 64 bytes,  while  for  lossless  compression  the raw  data  are  returned. 
The  data from the  compression  blocks  within  each  strip  are  packed  into  bytes  with  no  gaps, 
but  with  up to 7 bits of zero  fill  after  the  last  block  in  the  strip,  followed  by a 32-bit  sync  code 
and a byte  giving  the  strip  number (1-100) of  the data.  The  data  field  can be split  across 
packet  boundaries, but  the  sync  code  can  not.  Each  packet  for  the  BARC-compressed  modes 
contains  data  from  one  line. 

a 
Each  image  has  one  special  packet  with  housekeeping  measurements  associated  with  that 
image, along  with AACS data  (scan  platform RA, DEC, and  TWIST  plus  rotor  CLOCK) 
corresponding to the  time  the SSI shutter  was  opened,  obtained  from  the LPW recorded  with 
the  imaging  data,  along  with  the  time  for  the  image.  For  most  modes  the  housekeeping  data 
consist of  two  bytes  per mf collected for 13  mf s. For  the 2 1/3  second  mode (AH) it  is  four 
bytes  per mf for 3 mfs. For  details  on  this  and  for  the  subset of  the  housekeeping  data  which 
is put into the  engineering  telemetry  see  3-280. 

SSI imaging  and  status  data  can  be  deselected  independently  from  the  playback  data  stream. 
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5.1.3. SSI Opnav Processing in CDS 

. In addition  to  the  science  processing  for SSI data  described  above,  there  is  also  a  different  set 
of algorithms  used  for  optical  navigation.  These  involve  finding  and  returning  small  windows 
around the limbheminator (LT) of one  extended  body  and  using  its  computed  position  plus 
uplinked  offsets  to  find  and  return  square  windows  presumably  containing  star  images. The 
algorithms  can  work  either  with  recorded  images  or by doing  realtime  readouts of the SSI, 
using  special  commands  to  discard or read  out a specified  number of lines.  The  basic  routine 
starts  with  finding  the  extended  target body  by doing  10 to 50 cycles of skip n lines  and  read 
m lines.  For  each  set of rn lines  read, CDS scans  each  line  looking  for  the  two LTs presumed 
to  be  present.  The  first  LT  is  marked by  the  finding of i consecutive  pixels  greater  than  a 
specified  high  threshold,  and  the  second by finding j consecutive  pixels  below  a  specified  dark 
threshold. In each  case  the  (x,y)  location of the  LT  and  the  values of the 16 pixels  surrounding 
it  in  the  line  are  saved  for  downlink. 

CDS will  use  locations  in  the  top 1/3 of the LT  to  compute  the  location of the  upper cusp of 
the  body.  Uplinked  offsets  from  this  location  determine  the  locations of the k (1 to 3) 20x20 
windows  surrounding  star  images  which  will be  read out and  downlinked  along  with  the LT 
data. The stars  must be below  the  top 1/3 of the  extended  body. 

Note  that for RT opnav,  special  commanding of SSI is needed to read out and  to skip the 
specified  lines,  while  recorded  opnav  takes  some  fancy DMS control. 

One  packet  type  will  be  used  for  the  LT  data  and  one  for  the star windows.  Five  to  eight 
packets  will  be  used for each  extended  body,  and  one  packet  for  each  star. Time is included 
once  per  image, and the  packets  are  turned  into VCDUs in  the  priority  virtual  channel. 
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5.1.4. Changes in SSI Commands 

The 36IP  command  is  being  modified to include  a  READOUT  DISABLE  function  and  a 
FLOODERASE DISABLE  utilizing  two  previously  spare  bits. 

The 361M command is being  modified to include  a CONTIGUOUS/SA"LING READOUT 
selection  and an HGALGA MODE selection  utilizing two previously  spare  bits. 

Because of the  use of the  previously  spare  bits  in  the  above  commands,  the  Spacecraft 
Expanded  Block  which  has  been  used  for SSI control  (which also used  two Of the  bits) is 
being  deleted. 

The opnav  functions  to  read  n  lines  and skip m  lines  will be accomplished  using  four  new 
commands (see 3-290  for  details): 

360NSV SKIP VARIABLE = 5A, CV1, CV2 
360NS 1 SKIP ONE = 5B 
360NRV READ  VARIABLE = A4, CVl,CV2,CV3 
360NR 1 READ ONE = A5 
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5.2. NlMS 

5.2.1. NlMS Data Pickup 

The NIMS RT pickup  is  32  bytes  per  RTI,  and  the  pickup  is  made  whether  or  not  NIMS  RT 
is  selected. . The  data  are  read  from  a  dedicated  location  in  NIMS  memory. 

For  record  modes,  in  addition to supplying 1 1.52  kb/s for existing  modes  MPW,  HIM,  HPW, 
IM8, AI8, and IM4, and for new  mode HMA, NIMS also supplies  2.592  kb/s (plus 36  b/s 
status) for LNR, and  6.168  kb/s  for  LPU. 

5.2.2. NlMS Data Processing in CDS 

5.2.2.1. NlMS Realtime 

Each  32-byte  RT  pickup  consists of a  flag  byte,  a  length  byte  specifying  the  number of valid 
data  bytes,  and 0 to 30 data  bytes  followed by fill if needed, as illustrated  below: 

I Flag  Length  Data / Fill 1 
The  format of  the  flag  byte  is  given  below,  with  a  1-bit  being  active: 

MSB LSB 

Cycle Cycle Packet  Packet Cycle 
start Long start End End 

The  normal  situation is that  a  telemetry  packet  will  contain one to  several  instrument  data 
cycles. There is  one  mode,  however,  in  which  a  cycle  must be split  into two packets,  a 
situation  indicated by  having  the  Long  Cycle  bit  set. 

CDS  reads  NIMS RT at  32  bytes  per mf, and  outputs  at 10 b/s.  The  seeming  discrepancy  in 
rates is handled by  having  CDS  throw  away  most of the  data,  under  the  control of the  length 
byte  and  the  bits  in  the  flag  byte.  When  CDS  is  processing N"S RT  it starts by  waiting for a 
Start Packet flag. It then  starts  looking  for  a  Start  Cycle flag, starting  with  the current 32- 
byte  block.  When  it  sees  one  it  starts  assembling  data for a  telemetry  packet,  using  the 
number  of  bytes  indicated  in  the  length  byte of the  block.  and  it  continues  assembling  data 
until  it sees an  End  Cycle  flag. If the  same  block  includes an End  Packet  flag,  the  packet is 
sent off to the  VCDU  maker.  Otherwise  CDS  waits  for  the  next  Start  Cycle  flag to repeat  the 
data  assembly  process. 
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0 If the  nominal  264-byte  packet  length  is  passed  without an End  Packet flag, and  the  Long 
Cycle  flag  was  not set, CDS  will  output a 265-byte  packet--the  only  time a NIMS  packet  is 
greater  than  264  bytes.  CDS  will  then  wait  for the End.Packet  flag  before  looking  for  the  next 
Start Packet flag, and  will  put  the  time  field  in  the  next  packet,  since  the  normal  ground 
algorithm  for  inserting  time  may  not  properly  function. 

If  the  Long  Cycle  flag  is  set  at  the  start  of a cycle, CDS will  break  up  the  next 528 data  bytes 
into  two  packets,  ignoring  other  flag  bits, and will  then  wait for  the  next  Start  Packet  flag. 

A new NIMS  command  is  being  added  to tell  the  instrument  how  many  grating  cycles to skip 
between  those  kept  and how  many  cycles  to  put  in a packet, so that  it  can  properly  set  the  bits 
in  the flag byte.  The  proper use  of this  command  and  the  proper  operation  of  NIMS s/w are 
totally  responsible for limiting  NIMS  to  its 10 b/s  RT  allocation.  CDS  makes no checks. 

When  the  appropriate RT  mode is  selected,  and  NIMS  is  not  deselected from RT,  CDS  will 
continue  to  process  the RT data  stream  even if a REC mode is  entered  which  contains  NIMS 
recorded data. 

The  time  will  be  included  in  two  situations:  the  first  packet of a new rate  and  every 16th 
packet.  Note  that  the  mf/2  in  the TIME field  is a normal  minor  frame  count,  but  with  the  high- 
order  bit  set if  the  data  taking  started  in  the  second  half  of  the  minor  frame, Le., in  RTI  5-9. 

a NIMS  RT  Data 

5.2.2.2. NIMS RecordPlayback 

The algorithm  descriptions  here are valid  only  for  data  recorded  from  the  Phase 2 NIMS s/w, and 
will  not  work to play  back data recorded  with  the  current  s/w.  Although  the  data  rates  are  the 
same  and  the  fecord  format  names are the  same,  the  meaning of the  bits  is  different. This is a 
potential  problem,  since  according to current  plans  the JNJOI data  will be recorded  with  Phase 1 
s/w  and  played  back  with  Phase 2 s/w.  Ways of handling  the  problem  include  additional 
capabilities to the  CDS  NIMS  handler,  and  loading  the new NIMS instrument  s/w  before  the 
JNJOI data are taken. 

Each  %-byte  NIMS  data  set starts with 11 bytes of headerlhousekeeping  data,  with  format 
given  below. 
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MSB LSB 
Byte  1 

M M M M M M M  M Byte4 

M M M M M M M M ' Byte3 
M Mir.D Gain Cycle Hskpg Length Byte2 

Contents  Length HMF 

Bvte5 Half Minor  Frame  Count 

Byte6 Housekeeping 1 

Byte7 

Housekeeping 5 Byte10 

Housekeeping 4 Byte9 

Housekeeping 3 Byte8 
Housekeeping 2 

I Housekeeping 6 Byte  1 1 

, ~~ 

In the  table I"F is 1 for RTI 0 and 5 and  is 0 otherwise,  Contents  Length  is  the  sum of  the 
header  length (2 or 5) plus  the  housekeeping (0-6) plus  the  data  (0-85),  Hskpg  Length  is  the 
number  of  valid  housekeeping  bytes  in  the  packet,  the  Cycle  flag  is 1 at  the  start  of  a  grating 
cycle,  Mir.D  is  set to 0 to indicate  downward mirror movement,  the M bits  constitute  the 
detector  mask,  and  the  Half  Minor  Frame  Count  goes  from 0 to  181  during  each RIM. The 
Cycle  flag, Gain, Mir.D, M bits,  and  Half  Minor  Frame  Count  are  valid only when Hh4F is  1. 

The  header housekeeping block  is  followed by 0-85 data  bytes. 

CDS double  buffers  the  96-byte  data  sets as read  from  the  instrument,  packs  the  valid  header, 
housekeeping,  and  data  bytes  in an intermediate  buffer  (for  rate  averaging),  and  then  sends  the 
data to the DMS at the  steady  rate  appropriate for the  record  mode. 

On  playback,  for  each  half  minor  frame of NIMS data CDS will  build  a  table  (possibly 
sparsely-populated) of 20 mirror positions by  17 detectors,  plus up  to 30 bytes of 
housekeeping  data. In building  the  table  CDS  takes  into  account  the  different  mirror  position 
offsets of  the  detectors--0 for detectors 1 ,3 ,9  ...; 1 for detectors 2,6: ...; 2 for 3,7, ...; and  3 
for 4, 8, .... 

CDS then detennhes which  data to compress in its h editor,  which  does  a  logical AND of  the 
detector map in  the data header  with  one  pointed to by  the  PB  table,  and  using only the X's 
represented by a 1 bit. 

In order to make the  compression  more  efficient,  CDS  will perform dark 
suppressiodnormalization by subtracting  a  detector-dependent  value from each  number  in  the 
table,  and  will  perform  thresholding,  which  is  simply  replacing  each  table  value  with  the 
maximum  of  itself  and  the  threshold  value. 

CDS then sends data to the  Rice  compressor, 10 Mirror  Positions  at  a  time, for each kept 
detector. 
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If the compressor does  not  perform as well  as expected, CDS  will  throw  out 4 mirror (Ib positions from each end of the scan. 

Since the  Rice  algorithm  uses  differences of successive  values of each detector’s  as one means 
of compressing the data, the seed  values  will  be  returned  once  per RIM for robustness. 

CDS  will  terminate  the  current  packet  and  begin  a  new  one  (containing  the  time field) each 
time  the  RIM  count of the  recorded data rolls over. 

The  packet consists of header  information  followed by one  or  more subpackets, each of  which 
has one of the  two formats below: 

MSB I LSB 
Byte  1 

Detector Maskhi Length,, Byte2 
Length,, 0 

~ 

Byte3 

Data,, 
Data.. . 
Data 1 

RTI Mask Detector  Mask,, Byte4 
Detector Mask,+, 

present in the data, and  RTI  Mask  has 1 bits for those  RTIs  represented  in the packet. 
where Length is the  number of data bytes, Detector  Mask  has  1 bits tor those detectors 

Q MSB  LSB 
Byte  1 Zero Count 1 

where Zero Count is the number of consecutive  half-minor-frames  without  any data. 

That is, each subpacket either contains the data from  one  half-minor-frame or elst tells how 
many consecutive half-minor-frames  there  were  with no data. 

Subpackets are not split across packet boundaries  unless the subpacket is longer  than the 
packet. 

CDS sends the packet  to the PB  virtual  channel to be made into VCDUs. The  time  will  be 
included in three situations: the frrst  packet  of each set of  PB data  and  those packets which 
start at  a RIM rollover, and  when  the  sequence  number  rolls  over.  Even  when  the full time is 
not included, the  mf/2  byte  will be included. 

CDS stores about 300 bytes of wavelength tables for the control of its PB editing. 

e. 
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NIMS PB Data e 
5.2.2.3. NIMS General 

Six  housekeeping  measurements  will  be  picked up from contiguous  locations  in NIMS 
memory  starting  at 1592,, and put into the  91-deck of the  engineering  telemetry.  They  are 
S-1924, S-1925, S-1926, S-1927, S-1929,  and S-1930. 

NIMS Data Flow in CDS 

RT TLM 
Mode 

Trickle Buffer 

528 byte > 2 packets 

Edit, 
Compress > 

Table 

e 
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a 
5.2.3. Changes in NIMS Commands 

Four  new  command types defined: 

37ETB--Edit Table Load. Load up to 125 bytes.  Similar  to  37DML 

37RT"RealTime  mode--specify  map/spectrum  mode,  mirror  position 

37MB--Mirror  position  Block  for REC modes. 

37ETS"Edit Spectra 

S/W loads (editing  tables)  will  be  needed for switching  between RT and REC modes or 
between different REC data  rates. 
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5.3. PPR 

5.3.1. PPR Data Pickup 

The LPW  pickup for PPR  is  unchanged  at 18 bytes  per mf, collected  in  RTI 5 following a 
prepare  directive in  RTI 4, and is also used for LNR  and  LPU. 

The  pickup for the  PPR  burst-to-tape  mode  BPT  is  identical  to  the  current  LPW  pickup-- 18 
bytes  per rnf, collected  in  RTI 5 following  a  prepare  directive  in RTJ 4. 

5.3.2. PPR  Data Processing in CDS 

5.3.2.1. PPR RecordPlayback 

In all  modes  which  include  PPR  data  except BPT, CDS  will  pack 14 18-byte  raw  instrument 
data sets into one  downlink  packet.  The  packet  is  sent to the  PB  virtual  channel  to  be  made 
into  VCDUs.  The  time  will be  included  in  two situations:  the fust packet of each  set of 
recorded data, and every 32nd  packet. 

PPR Non-BPT PB  Data 
11 Time I App ID I Size I Seq # I (Time) I Datal I Data2 I ... I Data 252 11 

5.3.2.2. PPR Burst to Tape (BPT) 

For BPT,  the  PPR  burst-to-tape  mode, CDS collects  both PPR  and  AACS  data  (scan  platform 
R4 & Dec) each minor  frame.  It  edits  the  data  before  putting  it  into  the  buffer by first  deleting 
repeat  PPR  packets  (those  with  bit  24 set) and  the  AACS  data  associated  with  them,  then 
deleting  byte  two of the  kept  instrument  data  sets, and finally  adding  a 1 -byte rnf counter  at 
the  beginning of the  data set. CDS  puts  the  instrument  data  and  AACS data into about 12 
Kbytes of the SSI buffer.  When  the  buffer  becomes  almost  full  it  is  dumped to tape  and  then 
starts refilling  with  no  data  being  lost.  The  process  is  repeated as long as the  record  mode 
remains  BFT.  Any  data  left  in  the  buffer  at  the  end of  the BF'" mode  will be written to the 
tape. 

On  playback CDS then  packs 10 of the  edited  22-byte  instrument/AACS/time  packets,  adds 
header  information,  and  sends  the  packet to  the  PB  virtual  channel to be made  into  VCDUs. 
The  time  will  be  included  in  two  situations:  the first packet  of each  burst of data, and each 
time  the  sequence  number  rolls  over. 
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PPR Burst Data (BPT) 
[I Time I App ID 1 Size 1 Seq ## (Time) Datal Data2 ... Data 220 

PPR Data Flow in CDS 

5.3.3. Changes in PPR Commands 

None 
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5.4. EUV 

5.4.1. EUV Data Pickup 
.A 

The EUV RT  stream  comes  from  periodic  CDS  readouts of the  instrument's  internal  2  184- 
byte  buffer.  EUV  (while  it  is  powered  on)  is  continually  summing  sensor  data  into  the  buffer. 
CDS  periodically  reads  out  the  buffer  over a period  not  greater  than  a  RIM,  using  24  to  91 
transactions.  The  readout  sets  occur  at  intervals of  2639 mf (29 R I M S )  when  EUV  is  at its 
high rate of 10  b/s  or  5369 mf (59 R I M S )  at 5  b/s.  The  transactions  take  place  in RTI 1.  At  the 
end of the RIM in  which  the  readout  occurs  CDS  tells  EUV  to  zero  its  buffer  by  issuing  a 
new  24CLR  command. 

The  EUV  REC  data  pickup  remains  unchanged  from  the  current  12  bytes  per mf in  RTI 1. 
The  data  are  used  in LPW whenever  EUV  is  powered  on  rather  than  the  HIC. 

Both  the RT and  REC  data  streams  are  available  whenever  the  instrument  is  on. 

EUV does not  take  part in RRCC. 

5.4.2. EUV Processing in CDS 

5.4.2.1. EUV Realtime 

CDS processing for the  EUV RT data is straightforward,  since  the  data  part of the  packet is 
one  eighth  of  the  2184-byte  buffer,  which  is  read  out as described  above,  and  the  only  thing to 
do is add  the  header  information.  The  time  of  the start of  the  summation  period  is  included  in 
the first packet of data  from  each  buffer,  and  the  time of  the  end  of  the  summation is included 
in the last  packet  from  the  buffer.  The mf is  not  included  in  either  time  because  the 
summation  always  begins  and  ends  on mf0. The  packets  are  formed  into VCDU's in the RT 
virtual  channel. 

Whenever  a  6TMCHG  command  including an RT  mode  is  issued,  even  if  it  does  not  involve 
switching  the  EUV RT allocation,  CDS  will  wait for the  end of the  current RIM, read  out  the 
buffer,  wait for the  last mf of  the  then-current RIM, issue the 24CLR  command to tell EUV to 
zero its buffer, and  start  a  new  summation  period  (possibly for a  different rate) at  the start of 
the  next RIM. 

RT deselect has  a  special  meaning  for  EUV.  When E W  is  deselected  from  RT,  CDS  will 
keep counting down to the  next  time  when it would  perform  a  readout  but  will  not  perform 
the  readout or issue  the  24CLR  command.  It  will  perform  those  actions  the  next  time  the 
clock counts down to zero  and  RT is selected.  It also will  not  perform  a  readout  at RT 
telemetry  mode  changes  and  will  not  issue  the  clear  command, but  will  reset  the  counter. 
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0 CDS  keeps  track of whether its EUV  buffer has been packetized  since it  was  last  filled. If it 
has  not  been (because of insufficient  downlink  rate)  at  the  time  when  it  would  otherwise  be 
overwritten  with new data, CDS  will  act  as if a deselect  were  active.  That is, it  will  reset  the 
countdown timer but  will  not  perform a readout  or tell EUV to  zero its internal buffer. 

EUV  RT Data 

5.4.2.2. EUV Record/Playback 

No editing is performed  on the.EUV RECPB data.  The  packet is simply  standard  header 
information followed by  21 12-byte  EUV LPW data  sets  unless  fewer contiguous data sets are 
available. The  time  will be included in two  situations:  the first packet  of each set  of  PB  data, 
and  every  16”  packet.  The  packets  are  formed  into  VCDU’s in the PB virtual  channel  and  the 
format is: 

EUV PB Data 

1 8 ... 8 8 32 7 9 7 
““I____”” 

E m 2  R-R-R-mf 

5.4.2.3. EUV General 

No EUV  RRCC. 

There is no  commanding  needed for switching  between  RT  and  REC  modes. 

There are three engineering channels (E-3429, E-3430, E-3431) which need to be downlinked 
approximately every ten hours.  All  instrument  housekeeping data are returned  in the regula 
packets. 
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EUV Data Flow in CDS 

RT 2184 bvtes 
per 2639-5369 mf > 8 packets 

EUV 

5.4.3. Changes in EUV Commands 

A new  1-byte  24CLR  command  with  a  unique  address  is  being  added  to  tell EUV to zero  out 
its  buffer.  The  24CLR  command  will  supply  a  non-zero  value  to  the  unique  address which will 
tell EUV to zero the  buffer. 

Memory  loads of 750- 1 OOO bytes  are  required  after  power on, with  the  same  timing 
requirements  as  current  memory  loads.  The  loading  will  be  done  from  the  sequence,  and  not 
from CDS memory. 

Loading of a  “fixed  pattern  noise  table” of approximately 128 bytes  may also be  required. 
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5.5. uvs 

5.5.1. UVS  Data Pickup 

The  RT  pickup  for  UVS  is  identical  to  the  current  LPW  pickup--84  bytes  per mf, collected  in 
RTI  3,  independent of  the  UVS  RT data  allocation. 

The LPW pickup for UVS is unchanged  at 84 bytes  per  mf,  collected  in  RTI 3, and  the  same 
data  are also used  for  LNR  and  LPU. 

The RRCC pickup for U V S  is  identical  to  the  current  LPW  pickup--84  bytes  per  mf,  collected 
in RTI 3. 

The  data  stream  which  provides  both  the  RT  and REC data  is  always  available  whenever  the 
instrument  is on. 

5.5.2. UVS  Data Processing in CDS 

5.5.2.1. UVS  Realt ime 

The U V S  RT data  cycle is 13 mfs, comprising  1092  8-bit  measurements  at 84 bytes  per mf. '0 CDS maintains  a  16-bit  summation  buffer  of  2  184  bytes  and sums the  RT  data into the  buffer 
(each  8-bit  measurement  into  a  unique  16-bit sum) for  the  period  appropriate  for  the  UVS RT 
data  allocation--2639 mf (29 R I M S )  for  10  b/s,  5369 mf (59 R I M S )  for 5 b/s,  or  131040 mf 
(1440 RIMS) for 0.2 b/s. 

At the  end of the  summation  period  CDS  checks to see  whether U V S  is deselected  from  RT. 
If  it is, the clock is  reset so that its next  timeout  is  when  it  would  have  been  without  the 
deselect  and  summing  continues. If not,  the summation is paused  (at mf=O), the  buffer is split 
into 8  packets  and  sent to the  the  RT  virtual  channel  to  be  made  into  VCDUs.  The  buffer  is 
zeroed  and  summation  is  resumed  (at mf=O) one RIM after  it  was intempted, with  the 
summation  period  based  on  the  then-current W S  allocation.  When  the  downlink  rate is not 
sufficient to handle the  RT stream and  the  multi-use  buffer is full  at  what  would be a  readout 
time, CDS will  reset  the  countdown  clock  and  continue to sum the data rather  than  throwing 
any  away. In other  words,  a  full  multi-use  buffer  is  treated  like  a  deselect. 

The  first mf 0 after  a  6TMCHG  command  with  an  RT  field  other  than  No  Change  will be 
trcated like the end of a  summation  period,  if  UVS  RT is selected,  with  the  same  test for 
buffer full, and  the  same  subsequent  actions. This is so that  there  is  a way to interrupt  the  24- 
hour sumation when an observation  needing  higher  temporal  resolution  is to begin. If W S  
RT  is  deselected,  the  6TMCHG  will be ignored  and  summation  will  continue. 

@ 
No instrument  commanding is needed  when  RT  rates  are  changed. 
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The  time of the  start of the  summation  is  included  in  the  first  packet  for  each  buffer,  and  the 
time of the  end of the  summation  is  included  in  the  last,packet  for  the  buffer.  The mf is  not 
included  in  either  time  because  the  summation  always  begins  and  ends  on mf 0. 

" 

UVS  RT  Data 
I Time I App ID I Size I Seq # I (Time) I Datal I Data2 I ... I Data  273 

1 1  8 ... 8 8 24  7 9 7 """"-. 
i uvs 1 R-R-R 

5.5.2.2. UVS  Record/Playback 

Each  PB  packet  consists of three  84-byte  instrument  data  sets  (if  that  many  with  contiguous 
times  are  available).  The  time  will be included  for  the  first  packet of each  set of PB  data  and 
every 16" packet,  The  packets  are  formed  into  VCDU's in  the  PB  virtual  channel  and  the 
format  is: 

UVS  PB  Data 

5.5.2.3. UVS RRCC 

No editing is performed  on  the  UVS  RRCC  data.  The  packet  is  simply  standard  header 
information  followed by 5 to 18 84-byte  UVS  LPW  packets  (from  the  up to 12-second  RRCC 
period).  The  time  will  be  included  in  each  RRCC  packet.  The  packets  are  formed into 
VCDU's in the  RRCC  virtual  channel  and  the  format  is: 

UVS  RRCC Data 

CDS  will  flush  the  final  VCDU  of  each  RRCC  instance  with  dummy  data  if  necessary. 

5.5.2.4. UVS  General  

All  instrument  housekeeping  data  are  returned  in  the  regular  packets.  Temperature 
measurement  E1790  will  continue to be  returned  in  the  91  deck. 
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UVS Data Flow in CDS 

I”*;( RT TLM 

Sum for 29, 59, \y 
or 1440 RIMS 

RT E 21 84 byte 8 packets 

151 2 byte - <6 packets 

Control 

u Table 

5.5.3. Changes in UVS Commands 

None. 
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5.6. MAG 

5.6.1. MAG Data Pickup 

The MAG  RT  data  pickup is six  bytes (a 16-bit  time-averaged  field  strength  measurement for 
each  axis)  picked  up  every mf, with  CDS  keeping  only  1-of-n  data  sets,  with  the  intervals 
corresponding  to RT allocations of 16  to 2 b/s,  respectively.  The  pickup  can be  in  RTI 1,2 ,  
7, or 8 and  prepare directives are not  used. 

Rate 1 keep  interval: 36 mf 
Rate 2 keep  interval: 18 mf 
Rate  3  keep  interval: 12 mf 
Rate 4 keep  interval: 9 mf 
Rate 5 keep  interval:  6 mf 
Rate  6  keep  interval: 4 mf 

The REC  LPW  pickup  for  MAG  remains  unchanged  at 20 bytes  per xr2, with  10  being  picked 
up  in  RTI 5 and 10 in  RTI  1.  The  data  are  always  available,  and  are  also  used for LNR. 

The MAG  RRCC  mode  uses  the  same  data  pickup as LPW. 

MAG supplies three  packet types: RT, RECPB, and  RRCC,  in  addition to standard 
instrument MRO. 

5.6.2. MAG Data Processing in CDS 

5.6.2.1. MAG Realtime 

The processing for RT  MAG  data is a  straightforward  double  buffering into 180-byte  buffers, 
packetization  (adding  header  information),  and  forming into a  VCDU in the RT virtual 
channel. The Format ID field is used to indicate  at  which RT rate  the data were  taken. The 
time  will be included in two situations:  the  first  packet of a  new  rate  and  every 16* packet. 
The packet format is: 

MAG RT Data 

When  a  6TMCHG  command  with an RT  field  other  than  No  Change is issued, CDS will  wait 
until  the  next  scheduled RT pickup,  send  the  two-byte filter setting appropriate for the 
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(possibly  new)  MAG  data  allocation  to  MAG  in  the  same mf in an RTI  other  than  3-6,  and 
schedule  the  next  RT  pickup  at the  (possibly.  new)  appropriate  interval.  If  the  MAG  allocation 
does  actually  change,  CDS  will  also  close  out  the  current  packet  and  begin  a  new  one. If 
MAG  is deselected from the  RT  data  stream,  CDS  will  not  issue  the  two  filter  setting  bytes  at 
the  6TMCHG  as  described, so that  MAG  can  use  its  special  long-term  averaging  settings. 

5.6.2.2. MAG RecordlPlayback 

No editing is performed  on  the  MAG  REC/PB  data.  The  packet  is  simply  standard  header 
information  followed by  12 20-byte  MAG  LPW  data  sets.  The  time  will  be  included  in  two 
situations:  the  first  packet of each  set of  PB data  and  every  32nd  packet.  The  packets  go  into 
the  PB  virtual  channel  and  the  format  is: 

MAG PB Data 

5.6.2.3. MAG RRCC 

No editing  is  performed  on the  MAG  RRCC  data.  The  pre-compression  and  decompressed 
@ packet is simply  standard  header  information  followed by  5-18  20-byte MAG LPW  packets 

(from the  up to 12-second  RRCC  period).  The  time  will  be  included  in  each  RRCC  packet. 
The  packets  are  formed  into  VCDU's  in  the  RRCC  virtual  channel  and  the  format  is: 

1) Time 1 App ID- I I Seq # I Time 1 Datal I Data2 I .. . I Datal1 80 11 

5.6.2.4. MAG General 

Since  both  the RT and  the  REC  data  streams  are  available  at all times,  no  commanding  is  needed 
fro switching from one to the  other. 

MAG data can  be  deselected  from  either  the  RT  or  the PB data streams,  and  the  normal  usage 
will  be  to  continue  using  the  RT  data  while LPW is being  recorded. 

Housekeeping  data  will  be  returned in recorded LPW and  by MRO. 

Three  2-byte  sensor  offsets  will be added to the  91-deck of the  fixed  engineering  telemetry. 

Rev -- 
- 

Page  5-27 4 November,  1993 



Appendix to 625-205-GLL-3-310, Flight  Software  Requirements 

MAG Data Flow in CDS 

5.6.3. Changes in MAG Commands 

None. 
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5.7. DDS 

5.7.1. DDS Data  Pickup 

The  DDS  RT  data  pickup  is  simply  a  less-frequent  version of the  LPW  DDS  pickup,  with  two 
bytes of data  each 7 or 21 mf s. Like  the  current DDS REC data,  pickup  occurs  in  RTI  5 
following a prepare  directive  in  RTI 4. No  commanding is  required  for  switching  between  RT 
rates  or  between RT and REC modes. 

The  LPW  pickup  for DDS is  unchanged  at 2 bytes  per mf, collected  in  RTI  5  following  a 
prepare  directive in RTI 4, and is also used  for  LNR. 

The RRCC  pickup  for  DDS  is  identical  to  the  current LPW pickup" bytes  per m f ,  collected 
in  RTI 5 following  a  prepare  directive in  RTI 4. 

5.7.2. DDS Data Processing in CDS 

5.7.2.1. DDS Realtime 

The  DDS RT data  cycle  is 637 or  191 1 mf's (at pickup  intervals of 7 or 21 mf's, respectively), 
comprising 182 bytes  of  data.  The  raw  packet  has  header  data  added  and is sent  the  the  RT 
virtual  channel  to  be  made  into a VCDU. The  Format ID field is used to indicate  at  which RT 
rate  the  data  were  taken. The time  will  be  included  in two situations:  the  first  packet of a new 
rate and  every 8" packet. 

When  a 6TMCHG command  changes  DDS's  RT  rate, CDS will  finish  the  current  data  cycle 
(which also completes  the  packet)  and  then  simply start sending  the  prepares  and  picking up 
the data at  the  new rate. 

5.7.2.2. DDS Record/Playback 

No editing is  performed  on  the DDS REC/PB  data.  The  packet is simply  standard  header 
information  followed by 128 2-byte  DDS  LPW  data  sets.  The  time  will be included  in two 
situations:  the  first  packet of each  set of  PB data  and  every 8* packet. The packets  are  formed 
into VCDU's in  the  PB  virtual  channel  and  the  format  is: 
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DDS PB Data 

11 inc. I II 
~ 

9 
DDS2 R-R-R-mf I 

8 ... 8 8 32 7 """- 

5.7.2.3. DDS RRCC 

No editing  is  performed on  the  DDS  RRCC data.  The  packet  is  simply  standard  header 
information  followed by 5 to  18  2-byte  DDS LPW data  sets (from the up to  12-second  RRCC 
period). The time  will  be  included  in  each  RRCC  packet.  The  packets  are  formed into 
VCDU's in  the  RRCC  virtual  channel  and  the  format  is: 

DDS  RRCC  Data 
Time 
inc . 

Data136 ... Data2 Datal Time Seq # Size App ID 

I I R-R-R-mf 1 I I I 
CDS  will flush the  final  VCDU  of each  RRCC  instance  with  dummy  data. 

5.7.2.4. DDS General 

The  commanding  for  switching  between  RT  and REC modes  is  under  sequence  control,  with  a * 
bit  in a global  variable  telling  CDS  whether  DDS is deselected  from  a  REC  mode,  in  which 
case the RT stream  should  continue to be  processed. 

DDS data can be independently  deselected  from  the RT and PB streams. 
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DDS  Data Flow in CDS 

Control 

5.7.3. Changes in DDS Commands 

No new commands  planned.  Switching  pickup  interval (1,7,21 mf's) is accomplished  simply 
by sending the prepare directive only  when data are going to be read. 
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5.8. PLS 

5.8.1. PLS Data Pickup 

The  PLS  RT  pickup  is a periodic  reading of the  instrument’s buffer (of approximately  225 
bytes), with  the  read  interval  being a function of the  PLS  RT allocation: 5 ,  10, 15,20, 30, or 
40 b/s.  The  readout  is  two  pickups of about 1 15 bytes  each  in  consecutive mf‘s in  RTI 5, 
following a prepare  directive in  RTI 4. The  prepare  and  pickup  look  like  an  MRO  to  PLS  (the 
nonstandard  RTIs  don’t  matter),  while  to CDS it is a non-MRO  pickup. 

The REC LPW  data  pickup  from  PLS  remains  unchanged  at 5 1 bytes  per mf, collected  in RTI 
3 following a prepare  command  in  RTI  2,  and  is  also  used  for LNR. The  pickup  and its 
prepare  are  done  continuously,  even when  PLS is  not  in  the  record  mode. 

The  RRCC  data  pickup  from PLS is  identical  to  the  LPW  pickup  at 5 1 bytes  per mf, collected 
in RTI 3 following a prepare  command  in  RTI  2. 

5.8.2. PLS Data Processing in CDS 

5.8.2.1. PLS Realtime 

The only  processing  CDS  does  to PLS  RT data  is  putting  one  instrument  packet of  up to 225 
bytes (with the  exact  length  being a function  of  the  instrument  mode)  together  with  the 
standard  header  information  and  sending  the  packet  to  the RT  virtual  channel.  The  Format ID 
field is used to indicate  at  which RT rate  the  data  were  taken.  The  time  will  be  included  in two 
situations:  the first packet of a new rate  and  every 16th packet. 

PLS RT Data 

When a 6TMCHG command  changes  PLS’s RT rate,  CDS  will  complete  the  current 
countdownheadout cycle  (filling a packet  in  the  process)  and  then  issue  the  cmd to PLS  for 
the  new  rate  and  will  immediately  start  picking up data  at  the new rate. 
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5.8.2.2. PLS Record/Playback 

CDS  packs  together 5 5 1-byte  PLS  PB  instrument  packets,  adds  header  information,  and 
sends  the  packet  to  the PB virtual  channel to be made into  VCDUs.  The  time  will  be  included 
in  two  situations:  the  first  packet of each set of PB  .data  and  every 16" packet. 

inc. 
1 7 9 7 32 8 8 ... 8 

" 

PLS2 R-R-R-mf 

5.8.2.3. PLS RRCC 

No editing  is  performed on  the  PLS  RRCC  data.  The  packet  is  simply  standard  header 
information  followed by  up  to 5 51-byte  PLS  LPW  data  sets . There  are up to 4 packets  per 
RRCC  instance,  with  the  time  being  included  in  the  first  RRCC  packet of each  RRCC 
Occurence  and  whenever  the  sequence  number  rolls  over. The packets  are  formed  into 
VCDU's in  the  RRCC  virtual  channel  and  the  format  is: 

CDS  will  flush  the find VCDU  of each  RRCC  instance  with  dummy  data. 

5.8.2.4. PLS General 

Commanding  (in  general  from  the  stored  sequence  in  association  with  6TMCHG or possibly  a 
realtime command) is required for switching  between  RT  rates  or  between RT and  REC 
modes,  with  a  memory  load of -800 bytes  needed for the  latter  switch.  The  switching  process 
involves  disabling  certain  ongoing  instrument  processes,  loading the  PLS code  memory, 
updating  the  links  to  point to the  newly  loaded  code,  and  reenabling  the  stopped  processes. 
CDS will store sets of 32IDM  memory  load  commands ( 4 5 5  bytes  per  set)  which  the 
sequence  will  load  into  PLS  memory  using  6MCPY  commands.  The  disable,  load,  and  enable 
sets of commands will  be  in  separate mf's so that  PLS  can act on them  before  the  next  set is 
loaded. 

Rev -- Page 5-33 4 November, 1993 



Appendix to 625-205-GLL-3-310,  Flight Software  Requirements 

The  commanding  and  memory  loading  for  switching  between  RT  and REC modes is under 
sequence control, with  a  bit  in  a  global  variable  telling .CDS whether  PLS is deselected from a 
REC mode, in which case the RT stream  should  continue  to  be  processed.  PLS data can also 
be deselected from the RT stream. 

All housekeeping data come from the RECPB data  unless  there is an instrument  anomaly,  in 
which case MRO's will be used. 

" 

PLS Data Flow in CDS 

51  bytedrnf RRCC \ e  91 8 byte \ .  
1-4 packets 

db Table 

5.8.3. Changes in PLS Commands 

New functionality  will be implemented by defining  pseudonyms of the existing 32IDM 
command for the memory loads used  for  switching  between  RTS  and  LPW  modes,  and 
between different RTS rates. 
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5.9. PWS High-Rate 

5.9.1. PWS  High-Rate  Data Pickup 

There are no  RT PWS high-rate  modes,  although  dual-use  modes  MPW,  MPP,  and  HPW  are 
being  kept as REC modes,  and  PWS  data  will  be  used  as  filler  data  whenever  the  downlink 
rate  exceeds  the RT rate and  PB data  are  not  available  or  frames of fill  data  are  being  used  for 
DSN  lockup. 

Existing REC modes:  PWS  supplies  data  at 2.592 kb/s  for  LPW, 7.68 kb/s  for  MPW, 19.2 
kb/s  for MPP, and 94.56 kb/s  for  HPW. 

5.9.2. PWS High-Rate  Data Processing in CDS 

5.9.2.1. PWS Fill Data 

PWS fill data is taken  from  the  PWS  LPW  buffer . The  data  portion of the  packet  is  in  the , 

same  format as the  LPW  data  but is 4 bytes  longer.  CDS  assembles  the  fill  data  from  the most 
recently  commanded  instrument  mode.  The  PWS fill packets  are  turned  into  VCDUs  in  the 
RT  virtual  channel.  The  time  will be included  in  all  packets.  CDS  will  always  have 2 VCDUs 
of fill data  available for use  either to fill in  when  normal  downlink  is  enabled  but  no  other  data 18 . are available,  or  to  be  sent  in  “dummy”  telemetry  frames  used  to  allow  a DSN  station  without 
an  FSR to lockup on the  signal  initially  or  after  a  phase/frequency  shift. 

PWS  Fill  Data 

5.9.2.2. PWS High-Rate RecordPlayback 

CDS  processing of PWS  high-rate  PB  data is a  1-of-n-line  editor  (which  merely  skips n-1 
RTIs of data after each RTI read for modes  other  than  LPW, for which  a  line  of 432 bytes is 
the  data from two  consecutive mf‘s, starting  with  an  even-numbered  one).  The  value  of n can 
range from 1 to 16. The packets are sent  to  the PB  virtual  channel to be  made into VCDUs. 
The Format ID field  is  used  to  indicate  at  which  rate  the  data  were  taken  and  the  value of n. 
The time  will  be  included in two situations:  the first packet  of  each set of PB  data  and  every 
32nd packet. 
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1 REC  Mode I PWS Bytes per  Frame I Frames  per  Packet I 
LPW 

4 64 MPW 
1 216 

MPP 
v2 788 HPW 
2 160 

PWS High-rate PB  Data 

inc. 
1 8 ... 8 8 32 8 7 9 7 

; 

PwH2 R-R-R-mf 

5.9.2.3. PWS Golay  Replacement  Data 

CDS processing of the PWS high-rate  used to replace  the  Golay  code  (making  the  old  LRS 
into the new LPW)  also  uses the 1-of-n-line  editor and deselect  processes as explained  above. 
The  Format ID field uses its high--order  bit  to  tell  which  half-line the packet  represents,  with 
the low  nybble  giving the n  value  used  in  editing.  The  packets are sent to the PB virtual 
channel to be  made into VCDUs.  The  time  will be included  in  two situations: the first packet 
of each set of PB data and every 16" packet. 

5.9.2.4. PWS Golay  Replacement RRCC 

Each packet contains data from one mf  of  LPW data.  Time is included in the first  packet of 
each RRCC instance, as well as whenever  the  sequence  number rolls over. 

CDS  will  flush the final VCDU  of each RRCC  instance  with  dummy data. 
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PWS High-rate.Data Flow in CDS 
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5.10. PWS Low-Rate 

5.1 0.1. PWS Low-Rate  Data Pickup 
" 

The  RT  pickup  for  PWS  low-rate  data  is  identical  to  the  current  LPW  pickup, at 20 bytes per 
mf in RTI 1 with  no  prepare  command  used. 

The  REC  LPW  pickup  for  PWS  low-rate  data  is  identical  to  the  current  LRS  pickup,  at 20 
bytes  per mf in RTI 1  with  no  prepare  command,  ans  is also used  for LNR. 

The RRCC  pickup for PWS  low-rate  data  is  identical  to  the  current  LPW  pickup,  at 20 bytes 
per mf in  RTI 1 with  no  prepare  command  used. 

5.10.2. PWS Low-Rate  Data Processing in CDS 

5.10.2.1. PWS Low-Rate  Realtime 

The RT PWS data are edited, rearranged,  and  sent  through an 8x8  ICT  compression  in  AACS 
at  one  of 6 commandable  target  compression  ratios,  giving  effective  post-compression  data 
rates of 5, 10, 15,20,30, and 40 b/s.  Details  elsewhere.  The  time  will  be  included  in  two 
situations:  the  first  packet  of a new  rate  and  every 32d packet. The PWS packets are turned 
into  VCDUs  in  the  RT  virtual  channel. 

Over 28 mf's CDS  builds  up  one  line of 152 measurements.  When  8  lines  have  been  built  up, 
creating  a  compression  frame of 1216  bytes,  the ICT is  started. 

The  level of compression  achieved  depends  on both the  data  being  compressed  and the Q 
factor fed into the ICT algorithm.  The  high  degree of data  sensitivity  means  that  if  a Q factor 
is  chosen  which  guarantees  a  bit  rate  not  greater  than the allocation,  much  of  the  time  the  bit 
rate  will be far below  the  allocation,  resulting  in  less  useful  data. To avoid  this  undesirable 
situation  the  compression is dynamic.That is, the Q factor is adjusted one step up or down 
based  on  the  compression  performance.  Each  data  rate has a faed predefined  range  around  it 
in  which  the  compression  is  considered  acceptable.  Compression  results  outside this range  will 
result  in  the Q factor  being  changed  for  a  fixed  number  of  compression frapes covering  a  time 
interval of 5 to 30 R I M S .  

The  data from the ICT consists of a strip of  152 8x8 blocks.  Each  block of data consists of 
Huffman  codes  from  the 8x8 region  followed  by  a  1-bit  flag  which is set to 1 if the  attempted 
compression  resulted  in  expansion.  In  the  case of expansion,  the  data  returned are truncated  at 
64 bytes,. The data  from  the  compression  blocks  within  each  strip are packed  into  bytes  with 
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no gaps,  but  with up to 7 bits of  zero fill after  the  last  block  in  the  strip.  The  data  field  can be @' split  across  packet  boundaries,  but  the  sync  code  can  not. 

There is a global  variable  bit  which  tells  the  ICT  handler  whether  or  not  to  use  the 
compression rate specified by  the  RT  part  of  the  telemetry  mode. If the  bit  is set, the Q factor 
whch determines  the  target  level of compression  comes  from  the 5 b/s  mode,  rather  than  from 
the  commanded  RT  mode.  When  the PWS RT  data  allocation  changes,  CDS  will  finish  the 
current  packet  before  switching  to  the  new Q factor, if  the  global  variable  indicates  that  the 
RT telemetry  mode  determines Q. 

The  Format ID field is used to indicate  which Q value  was  used  to  compress  the  data. 

PWS Low-rate  RT  Data 

5.1 0.2.2. PWS  Low-Rate  Record/Playback 

The CDS  performs  no  processing  on PB  PWS  low-rate  data  except  blocking  12  20-byte 
instrument  packets  together,  adding  the  standard  header  information,  and  sending to the PB 
virtual  channel  to  be  made  into VCDUs. The  time  will  be  included  in  two  situations:  the first 
packet of each set  of  PB data  and  every 32nd packet. This data  stream  contains all the 
housekeeping  data  needed by the PWS team. 

PWS Low-rate PB Data 

5.10.2.3. PWS Low-Rate RRCC 

No editing  is  performed on  the  PWS  RRCC  data.  The  packet is simply  standard  header 
information  followed by 5 to 18 20-byte  PWS  LPW  packets  (from  the  up  to  12-second  RRCC 
period). The  time  will be included  in  each  RRCC  packet.  The  packets are formed  into 
VCDU's in the RRCC virtual  channel  and  the  format  is: 
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PWS  RRCC Data 
Time I App ID 1 Size I Seq # 1 (Time) I Data1 1 Data2 I ... I Datas360 11 
inc . 
1 8 ... 8 8 32 7 9 7 

PwL3 R-R-R-mf ~- 

CDS  will flush the find VCDU  of each RRCC instance with  dummy  data. 

5.10.2.4. PWS Low-Rate General 

PWS data can be independently  deselected  from  the RT and  PB data streams. Normal 
instrument  usage  will be to  keep  processing  the RT data  even  when  LPW is being  recorded. 

PWS Low-rate  Data  Flow in CDS 

T /mf 

PWS 
Low-rate RFC 70 bvtes/mf 

OMS Control 
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5.1 1. EPD 

5.1 1.1. EPD Data Pickup ” 

EPD  supplies 145 bytes of RT  rate  data  each  mf.  CDS  will  read  the  data  in  two  transactions in 
RTI 3. 

EPD supplies 5 127  bytes of PHA and  housekeeping  data on command  from CDS at  intervals 
ranging from 6  to  72 SIC spins,  read in RTI 3. 

The REC LPW  data  pickup  from  EPD  remains  unchanged  at 76 bytes  per m f ,  collected  in  RTI 
5 with no prepare  command,  and  is  also  used  for  LNR. 

The RRCC data  pickup  from  EPD  is  identical  to  the  LPW  pickup  at 76 bytes  per mf, collected 
in  RTI 5 with no prepare  command. 

5.1 1.2. EPD Processing in CDS 

5.1 1.2.1. EPD Realtime 

The processing  for EPD RT data  is  involved.  The  145-byte  data  sets  consist  of  a  1-byte  rate 
channel  header  followed by 48 24-bit  measurements.  Many  of  the  145-byte  data  sets  will 
contain  repeats of data  which  have  already  been  processed  and  will  be  ignored by CDS.  They 
are  marked by having  the  MSB of the  header  set to zero.  The  header  format  is  given  below: 

MSB LSB 
I oldnew I SPl I SP2 1 IM1 l M 2  ( M 3  1 

where SPI-SP2 give  the  spin  quadrant  and Ml-M3 give  the  motor  position. 

Each of the 48 measurements  in  the  non-repeat  data sets will  be  summed  into  32-bit  “bins,” 
based  on  a  moderately  complicated  algorithm.  The  six  different  EPD  RT  data  allocations 
specify  both  the  summation  period  and  which of the  two  Channel  Maps to use. The channel 
maps  assign  each of the 48 channels to the  High-resolution,  the  Low-resolution, or the  Omni- 
resolution  category.  Finally,  the  resolution  category  specifies how the  spin  quadrant  and 
motor  position are used  to  determine  the  binning.  For  example,  channels  which are Omni have 
only two bins, and  the  others  have 7 and  15. 

The summation  is  for  a  science  record of 1 to 6 data  cycles,  each of which  is  7  S/C  revolutions 
(one revolution  at  each  motor  position).  The  number of spins  comprising  a  science  record is 
determined by the  RT  data  allocation.  CDS  is  aided  in  counting  spins by a TBD flag in the 
EPD data, probably  in  the  rate  data  header  byte,  indicating  the  start  (or  the  end,  whichever 
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works  better) of a  spin. When  the  summation  is  completed,  the  bins  are  log-compressed  and 
packetized. 

' At the  end of each  science  record,  CDS  sends  a TBD command  to  EPD  requesting  a  set of 
TBD (up to 127)  bytes of PHA  and  housekeeping  data. 

The  Format ID field  is  used  to  indicate  at  which RT rate  the  data  were  taken.  The  time  will be 
included  in two situations:  the  first  packet of a new  rate  and  every  16" packet. 

EPD RT Data 

5.1 1.2.2. EPD RecordlPlayback 

CDS  packs  together 3 76-byte  EPD PB  instrument  packets,  adds  header  information,  and 
sends  the  packet  to  the PB  virtual  channel  to be made  into  VCDUs.  The  time  will  be  included 
in  two situations: the  first  packet of each  set of PB data  and  every 16" packet. 

EPD PB  Data 
Time 1 App ID I Size I Seq # I (Time) 1 Datal I Data2 I .. . I Data  228 11 

5.1 1.2.3. EPD RRCC 

No editing is performed on the EPD RRCC  data.  The  packet  is  simply  standard  header 
information  followed by up  to 3 76-byte  EPD LPW packets  (from  the  up to 12-second  RRCC 
period). The  time  will be included  in  each  RRCC  packet.  The  packets  are  formed into 
VCDU's in  the  RRCC  virtual  channel  and  the  format  is: 

EPD RRCC Data 
Time 

8 ... 8  8 32  7  9  7 1 
inc . 

Data1228 ... Data2 Datal Time Seq# Size AppID 

1 I I I 1 
CDS  will  flush  the  final  VCDU of each  RRCC  instance  with  dummy  data. 
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@ 5.11.2.4. EPD General 

The  commanding  for  switching  between RT  and  REC  modes  (about 39 bytes of pointers), 
including the  instrument  slw  load,  is  under  sequence  control,  with  a  bit in a  global  variable 
telling  CDS  whether  EPD is deselected  from  a  REC  mode,  in  which  case  the  RT  stream 
should continue' to  be  processed.  When  a  6TMCHG  command  changes EPD's RT rate,  CDS 
will  finish  the  current  science  record,  and  then  switch  the  summation  period  to  the  one 
appropriate for the  new  rate. 

CDS  delivers  sector  data  to  EPD so that  the  instrument  can  de-spin  its  data. 

EPD Data Flow in CDS 

- 4 2 7  bytes PHA, housekeeping 

5.11.3. Changes in EPD Commands 

A new command is  being  added for CDS to tell  EPD  to  prepare  the  block of PHA  and 
housekeeping  data. 

Sets of pointers  will  have to be  loaded  to  switch  between  RT  and REC modes (-39 bytes). 
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5.12. HIC 

5.12.1. HIC Data Pickup 

The  pickup  for  the  HIC  RT  mode  is  identical to  the  LPW  pickup--only  the  CDS  processing  is 
different.  Commanding  (in  general  from  the  stored  sequence  in  association  with  6TMCHG  or 
possibly  a  realtime  command)  is  required  for  switching  between  RT  rates  or  between  RT and 
REC modes. 

The HIC REC  LPW  data  pick up remains  unchanged  from  the  current  12  bytes  per mf in  RTI 
I, and  is  used  whenever  HIC is powered  on  rather than EUV. 

The HIC RRCC  mode  uses  the  same  data  pickup  as  LPW.' 

5.12.2. HIC Data Processing in CDS 

5.12.2.1. HIC Realtime 

The  format of the HIC RT  packet  is  shown  below,  with  all  data  being  in  12-bit  trinybbles. 

Area 
1st Rate 

36 12 12 24 12 36 12 36 12 36 12 36 

Area Word  Word Area Word Area Word Rate Word Area Word 
3rdCRC 3rdPHA 3rdTag Status 3rdRate 2ndCRC  2ndPHA 2ndTag 2nd  1st  CRC  1stPHA  1st  Tag 

Area 
12 . c 

The 8 rate channel  measurements  are  decompressed,  summed,  and  recompressed.  PHA  areas 
which are all zero are deleted,  along  with  their  associated  tag  words. A complete  set of the 
subcornmutated  status word is  saved  for  downlink  about  once  per  hour.  The  CRC  words  are 
thrown  away. 

The packetizer  uses  the  Format ID to differentiate  among  the  rate  data,  PHA  data,  and  status 
data, as  well  as  to  indicate  the  RT  rate  at  which  the  data  were  taken. 

Each type of raw packet  has  header  data  added  and  is  sent  the  the RT virtual  channel to be 
made into a  VCDU.  The  time  will be included  in two situations:  the  first  packet  of  a  new  rate 
and  every 4* packet. 

HIC RT Data 

J 
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5.12.2.3. HIC RRCC 

CDS will  flush  the  final VCDU of each  RRCC  instance  with  dummy  data. 

5.1 2.2.4. HIC General 

The commanding  for  switching  between RT and  REC  modes is  under  sequence  control,  with  a 
bit  in  a global variable  telling  CDS  whether HIC is  deselected  from  a REC mode,  in  which 
case  the RT stream  should  continue  to be processed.  When  a 6TMCHG command  changes 
HIC’s RT  rate,  CDS  will  finish  processing  the  current  instrument  data  cycle,  issue  the  cmd  to 
HIC forthe new  rate  and  will  immediately  start  picking  up  data  at  the  new  rate. 
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HIC Data Flow in CDS 

5.12.3. Changes in HIC Commands 

None. 
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5.13. AACS 

All  AACS packets, RT,  PB,  and RRCC, include  six  measurements:  scan  platform RA, DEC, 
and  TWIST,  and  rotor  RA, DEC, and TWIST. 

The  RT  packet also includes spin rate, giving 14 bytes  per  measurement  set. 

AACS RT  data  are  sampled  the  first mf of every fifth RIM. Time is included  every 3Pd  
packet. 

5.1 3.1. AACS Realtime 

AACS RT 

5.1 3.2. AACS RecordPlayback ‘e Since there is no AACS PB editor, the recorded AACS data are returned from all mf‘s unless 
deselected. The  PB  and  RRCC  packets include, in  addition  to the 6 measurements  listed 
above, a  two-byte  time  tag  (R-mf) as thr first  two  bytes of each  measurement set, giving 14 
bytes per measurement  set.  The  time  field  is  included  every  packet. 

AACS PB 

I I I R-R-R I I I I I 

5.1  3.3. AACS RRCC 

AACS RRCC 

J 
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5.1 4. Engineering 

5.1 4.1. Engineering  Realtime -- 
The  CDS  processing of engineering  data  consists of stripping  the  12-byte  header from the raw 
packet,  and packing together 4 of the  resulting  88-byte data sets (87 data bytes and one 
spare), each of which  is  preceded  by an Engineering  Format  Identifier  byte  specified  below: 

EFI: 
MSB LSB 

rR2 I R1 1 MRO I CM12 I CMIl I MSN3 I MSN2 1 MSNl 1 
where  the RT rate  is  given  by: 

and  MRO, if set to  1, indicates that  the  packet includes 32 bytes of MRO data. The  two CMI 
bits are the Commutation  Map Identifier, and the three MSN bits are the Map Sequence 
Number 

Time  is  included  every n* packet, where n is given  below: 
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5.1 4.2. Engineering  Record/Playback 

The only  processing  done  to  the  engineering  data on  playback  is  stripping  the  12-byte  header 
and packing 4 of the  88-byte  data  sets  together  with  their  respective  EFI  bytes  as  defined 
above.  Time is included  in  each  packet. 

Engineering  PB 
Time 

- R-R-R-mf ENG2 1 
8 ... 8 8 32 7 9 7 1 

inc . 
Data 356 ... Data2 Datal Time Seq ## Size App ID 
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@ 3.  Telemetry,  3-280 

This document establishes the downlink  telemetry  and  data  formats  for the Galileo  Phase I1 mission. 
Included are the changes from the baseline  mission  requirements  (deletions  and  modifications)  and  the 
new  requirements to support  the  Phase I1 mission  design. 

This document, in conjunction  with  the  following  documents  constitute  the  spacecraft  Level I11 
requirements  for  Phase I1 : 

3-100: Spacecraft  Requirements 

3-270: Data  System  Intercommunications  Requirements 

3-290:  Command  Structure  and  Assignments 

3-300: Telecommunications 

3-3 IO: Flight  Software  Requirements 

e 3.1. Overview 

The addition of  packetized  telemetry  drives  many  modifications to the system.  The  underlying  data 
sampling structure remains intact, but  the data formatting  and  packaging is extensively  modified. 
Data rates that are unsupportable  are  deleted  and  additional  downlink rates are  added.  Additional 
sample rates for  engineering data are  added  and  additional  record rates are  added  for  special  record 
formats. However, for System  Fault  Protection  and  anomaly  resolution,  engineering TDM modes  are 
retained. 

3.2.  Downlink  Rates 

Rate refers to the CDS  bit  rate  prior to software  convolutional  code (1 1,1/2)  and  hardware 
convolutional code (7,1/2) being  applied.  Downlink  symbol  rate is 4 times greater. 

3.2.1. Deleted Rates 

Reqt. A:  Delete the 8 and 16 bps engineering TDM rates. 

Comment: The 8 and 16 bit  TDM  rates  were  added to support the Phase I mission. For the Phase I1 
mission, TDM modes will  be  used for anomaly  investigation,  System Fault Protection  and 
ground testing. For these  uses, the 10 bps, 40 bps and 1200 bps  (ground only) modes  are 
sufficient. 

0 
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3.2.2. New Telemetry  Modesmetained TDM Rates 

Reqt. A: Provide 90 new  packetized  telemetry  modes as shown in Table 3.2.2.1. 

Comment: A telemetry mode is defined-as  a  set of raw data collection rates from .the  RTS 
instruments, their associated editing algorithms, the RTE collection rate,  and  total downlink 
telemetry rate. RTS  instrument  and  RTE  data can  be independently deselected, lowering the 
data collection rates shown  (see  3.7.2.3.1  and  3.7.2.4.1). 

Reqt. B: Downlink  telemetry  rates will be 0, 8,20,32,40, 60, 80, 120 and 160  bps. 

Reqt. C: Provide for the retention  and  selection of the 10 and 40 bps engineering Time  Division 
Multiplexed (TDM) telemetry  modes. 

* Collection  Rate is effective  rate  after R/S encoding  plus  packet  overhead 
Modes  below  heavy  line  (within RTE rate) fill buffer,  modes  above  line  empty buffer. 
Deselecting  engineering or RTS instruments will lower collection  rate and shift lines. 

TABLE 3.2.2.1 - Telemetry  Modes 
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e 3.3. Downlink Frame 

Reqt. A: The downlink  telemetry  frame  will be  composed of a 2040 byte  data  section  with an 8 byte 
header  (sync  word).  The data section  will be  composed of four (4) Reed-Solomon  encoded 
Virtua1,Channel  Data  Units  (VCDUs) as described  in  section 3.5. The  general structure of the 
telemetry  frame is illustrated  in  Figure 3.3.1. 

Comment:  Two  bytes  will  remain  unassigned  in  the frame. They  will  be  filled with fixed pattern 
data and  will  appear as the first two bytes  of  the  data  field  at  the  beginning of the  frame . 

3.4. Telemetry Coding 

Coding is applied to the downlink  telemetry  to  decrease the Bit  Error Rate PER)  and  increase  link 
margin at a given data transmission  rate.  Interleaving of the  data is used to decrease  susceptibility to 
burst noise and  Reed  Solomon  encoding  will  be  used to provide  an  inner  code  for  Error  Detection 
And Correction (EDAC). 

3.4.1. Reed Solomon Coding 

Reqt. A: The'data section of the downlink  telemetry  frame, consisting of four VCDUs,  will  be  Reed 
Solomon encoded. 

Reqt. B: The Reed  Solomon  parity  symbols will be interleaved to a depth of eight. 

Reqt. c :  The downlink  telemetry frame will  be  comprised  of eight code  words  having a variable 
redundancy to level four. The  level 4 code  words  are: (255,161), (255, 1951, (255,2251, 
(255,245). 

Comment: Figure 3.4.1.1 and  Appendix B presents the data fill and  ordering for the R/S encoding 
and Convolutional coding. 
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r + scbu 1 

B n f  1 
ENCODED 
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I n DATA NOTE: FILL AND DOWNLINK ARE I = REED-SOLOMON PARITY BYTES 
U 

IN ROWWISE FASHION 

Figure 3.4.1.1 - Reed-Solomon  Encoded  Words 

3.4.2. Convolutional  Coding 

Convolutional  coding is the  outer  Error  Detection  And  Correction (EDAC) code  applied to the 
downlink  data.  The  Convolutional  code is applied  in two steps: the CDS  applies  a (1 1,1/2) code 
(which is implemented  in  software) to the data prior to the  data  being  forwarded to the  MDS,  which 
applies a (7,1/2) convolutional  code,  which  is  implemented  in  hardware.  The  net  effect of the two 
coding steps is a  resulting (14,1/4) convolutional  code. 

3.4.2.1.  Software  Convolutional Code 

Reqt.  A:  The CDS will  be able to encode  the  transport fiame with  a (1 1,1/2) convolutional  code 
implemented  in  software  prior to making  it  available to the ModulatorDemodulator 
Subsystem (MDS). 

Comment:  Since  the  data  are  sent to a (7,1/2) hardware  convolutional  encoder in the  MDS, this 
results in  a  combined (14,1/4) code. 
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3.4.3 Golay Coding 

Golay coding is an Error Detection And Correction  (EDAC)  code  applied to certain data types to 
meet tighter Bit Error Rate PER)  requirements. For Phase 11, Golay  coding is not required  and  the 
requirement is eliminated, freeing  bits  in the downlink data stream. 

Reqt. A:  All  requirement for Golay  Coding is deleted. 

3.5. Virtual  Channel  Data  Unit  (VCDU)  Format 

The  VCDU is a  fixed  length data unit  which is a collection of variable  length packets. The VCDU  is 
used to package the variable  length  packets into a data package that can be forwarded  for  encoding and 
inclusion in  a  telemetry  frame.  In addition, the VCDU  provides  a  method  to  reduce the onboard  latency 
for priority Engineering  and  OPNAV  data and provides  a  means to identify data sets that may  need 
special handling on the ground. 

Reqt. A: Virtual Channel  Data  Units  (VCDUs)  shall  be  formed from one or more  variable  length 
packets as shown in Figure  3.5.1.  The  VCDU  will  have  a  32 bit header  with  3 bits for VCDU ID, 
20 bits for sequence  number  and 9 bits  for  a  pointer to the first byte of the first full packet.  There 
are seven different VCDU types (plus one spare).  Allowable  VCDU  IDS are listed in Table 3.5.1. 

Reqt. B: The first packet  pointer refers to the location of the first byte of the first packet  header  in the 
VCDU  referenced from the start of the data area. If the VCDU contains only one packet that is 
also a remnant from the prior  VCDU  (i.e. there is no start of first packet in the VCDU) the first 
packet pointer will be  set to 1FFh. 

Reqt. C: Each  VCDU, with the exception of the BDT  VCDUs  (VCDU IDS 101,110 and  11 l), will 
have a separate sequence counter. 

K VCDU SEQ 

I VCDU H D R  
I I I I I 

. (4 bytes) I VCDU CONTENTS (442 BYTE! 
I 
I 

~ 

Figure 3.5.1 - General  VCDU  Structure 
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VCDU  ID VCDU  TYPE 
000 

Record  Rate  Change  Coverage  (RRCC)  Data 01 1 
Playback  Data ( Recorded  and/or  Burst  To Tape) 010 
Real Time Science (RTS) 00 1 
Priority Data (Engineering  and  OPNAV) 

Buffer  Dump  To Tape: Record  Rate  Change  Coverage  (RRCC)Data 111 
Buffer  Dump to Tape:  Playback  Data  and/or  Burst  to  Tape 110 
Buffer  Dump to Tape: Real  Time  Science (RTS) 101 
Spare 100 

Table  3.5.1 - VCDU  ID Values 

3.6. Packet  Telemetry  Definition 

The packet is the basic data unit for packetized telemetry. Each data source will have one or more 
packet types which  uniquely identify the data source and the algorithms used to'process that data. 
The packets are of variable length, however once a  packet definition has been set, the data unit is 
fixed (except for variability due to data compression). 

3.6.1. General Requirements 

Reqt. A: All telemetry data will contain identifiers such that the GDS can identify and process the 
data without requiring predicts.  EXCEPTION: SSI, NIMS and  PWS data recovery  will  require 
predicts to process the data. 

Comment: This requirement dictates that the basic  packet provide indicators of the data source and 
processing algorithm used for the data so that the data can  be fully recovered. This is 
augmented with the VCDU ID, which will differentiate the various VCDU types and whether 
the data is Buffer Dump to Tape data, and thus out of time order. 

Reqt. B: The capability shall be  provided to collect, edit and compress Engineering, Real Time 
Science and Playback data into variable length packets to facilitate ground processing and 
identification of the source. 

Reqt. C: The variable length packets shall have the generic structure as shown in Figure 3.6.1  and 
specific formats for each data source shall be as specified in 3.9. 
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INSTRUMENT  SCIENCE  DATA AND (OPT) (OPT) U G  

PKT FMT SEQ PKT APP 
NCL TIME ID NO. SIZE ID 

a 4  (20~24, 
..n STATUS 

or 8) 280r 
32) CONTENT  DEFINED  BY 

INSTRUMENT 

( 1 )  (24.32 or40) (7) (9) (7) 

PACKET  HEADER (3 - 8 BYTES) I PACKET  DATA (20 - 51 1 BYTES) I 
NOTES: - OPTIONS  (FORMAT  ID  AND  PACKET  TIME) AND THE  SPECIFIC  CONTENT OF  THE PACKET  ARE 

USER  DEFINABLE  AT  DESIGN  TIME,  NOT  DURING  OPERATION.  INSTRUMENTS  MAY 
DECIDE TO NOT  USE THE FORMAT ID OR PACKET  TIME  OPTIONS,  IF  THEY ARE NOT 
NECESSARY.  THE  DATA  AREA  THEN  BECOMES  LARGER  BY UP TO 5 BYTES.  AVERAGE 
PACKET  SIZE IS ALSO DETERMINED  AT  DESIGN TIME. 

Figure  3.6.1 - Generalized  Packet Structure 

3.6.1.1. Packet fields 

Reqt. A: The  packet  will  consist of a header  field  and a data field. The  header  field  will  have up 
to 8 bytes. Header  bit  definitions  are  given  in  Table  3.6.1.1.1.  The data field  will  contain a 
minimum of 20  bytes of data  and a maximum of 51 1 bytes of data. The data field  may  be 
compressed.  Header  information  will  not be compressed. 

Header Field (bits) Field  Description 
1 

9 
Application ID (max  128  applications) '. 7 
Time  Included  Flag  (if set, PKT  TIME is included) 

Sequence  Number 7 
Packet Size (in Bytes, max 51 1 bytes) 

0,4 or 8* 
20,24,28, or 32* 

Optional  Format  ID  (max.  256  FMT IDS per APP. ID) 
Packet  Time (no. of bits  depend  on  Seq.  no., application) 

*Number of bits in optional fields must total 0,8,24,32 or 40.  Packet  time, if 
included, must  have a minimum of 20 bits of RIM. 

Table 3.6.1 A.1 - Packet  Header  Definition 
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3.6.1.2. Time  Correlation of Data 

Reqt. A: Time will  be  included  periodically  in  each series of packets  from a given  Application  ID 
sufficient to allow unambiguous  identification  of the time  order  of the packets. 

Comment:  The  sequence  number  will be  used  to  reassemble  packets  in  the  proper  order  when 
time is not  included. 

3.6.1.3. AACS Pointing Correlation of Data 

Reqt. A:  All  AACS  pointing  measurements  in a single measurement  set  shall  be  retrieved from 
the AACS  during a single  minor  frame  report  cycle  and  stored on tape as a coherent entity. 

Reqt. B: The  AACS  sampling  rate for Real  Time data is once  every 5 RIMS. AACS 
measurements  sampled are Rotor RA, Rotor  DEC,  Rotor Twist, Platform RA, Platform  DEC, 
Platform  Twist  and  Spin  rate. 

Comment:  The  sampling  frequency  for  RTS  downlink  shall be consistent  with the ability  to 
subsequently  interpolate to the minor  frame  sampling  at  an  accuracy of 0.5 degrees  for  the 
Rotor IWDEC/TWIST. During E W  and U V S  operation,  sampling shall be  consistent  with 
an ability to interpolate Rotor  and  scan  platform IWDEC/TWIST to an accuracy  of 0.1 
degrees. 

Reqt. C:  During  Record  Mode the AACS  measurements  Rotor RA, Rotor  DEC,  Rotor  Twist, 
Platform R4, Platform  DEC,  Platform  Twist,  and  time (two bytes,  lower RIM and  minor 
frame count) shall be stored  on  tape  every  minor  frame. 

Reqt. D: During  PPR  burst to Tape  mode two AACS  measurements only (Platform RA and 
Platform DEC) are collected each time PPR  non-repeat data is collected. 

3.6.1.4.  Sensor Data and  Science  Housekeeping Data Correlation 

Reqt. A: Science housekeeping data required for instrument  safety  shall  be extracted from the 
instrument LPW data stream or from  the  instrument  Real  Time data stream  and  placed  in  the 
fixed engineering frame. Ancillary  housekeeping data required for instrument health 
assessment and data evaluation will be acquired  through MROs. Housekeeping data 
requirements for each instrument are addressed in Appendix C. 

Reqt. B: All science housekeeping  for  playback  mode shall be  extracted  from the LPW data 
stream and  placed  in  science  playback  packet as part  of the playback data. 
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3.6.2. List of Packets Identified (Packet ID) 

Reqt. A: The packets identified  in  Table 3.6.2 are required. The full packet structure for a typical 
packet ID is described in 3.9 and full packet structures for all packets are identified  in GLL 3- 
3 10. 
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APPLICATION  ID 
MNEMONIC HEX (7 bits) 

PLS 1 

PLS2 
PLS3 
PwHl 
PwH2 

PwH3 

PwH4 

PwLl 

PwL2 
PwL3 

EPD  1 

EPD2 
EPD3 
HIC 1 

Rev -- 

1  Ch 

1Dh 
1 Eh 
1 Fh 
20h 

21h 

22h 

23h 

24h 
25h 

26h 

27h 
28h 
29h 

FORMAT  ID 

1 h: FUT 5 bps 
2h: R/T 10  bps 
3h: €UT 15 bps 
4h: R/T 20 bps 
5h: R/T 30 bps 
6h: R/T 40 bps 

none 
none 
none 
TBD 

TBD 

TBD 

TBD 

none 
none 

lh: R/T 5 bps 
2h: R/T 10 bps 
3h: R/T 15 bps 
4h: R/T 20 bps 
5h: FUT 30 bps 
6h: FUT 40 bps 

none 
none 

two 2-bit fields: 
Olxx: Rate data 
10xx: PHA data 
1 1xx:stam data 

yy0 1  :acq.  1 bps 
yy 1 O:acq.2 bps 
yy1  1  :acq.  5 bps 

Page 3- 10 

Comments 

PLS  R/T  Data 

PLS  Playback  Data 
PLS  Record Rate Change  Data 
PWS  High  Rate Fill Data 
PWS  High  Rate  Playback  Data.  FMT 
ID gives "n" for 1 of n lines returned 
editor, defines the data acquisition rate. 
PWS  High Rate LPW  Golay  Rep.  Data. 
FMT ID gives "n" for 1 of n lines 
returned  editor, defines the acq.  rate. 
PWS  High  Rate  LPW  Record  Rate 
Change.  FMT  ID gives ' h r r  for 1 of  n 
lines returned editor, def. the acq.  rate 
PWS Low Rate FUT Data,  FMT  ID 
gives the Q factor used for the data 
compression 
PWS Low Rate Playback Data 
PWS Low Rate Record Rate Change 
Data 
EPD R/T Data 

EPD Playback Data 
EPD  Record Rate Change Data 
HIC  Rate,  PHA and Status Data (for 

v 

FMT ID, RATE, PHA or status 
information can be acquired at any rate. 
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APPLICATION  ID Comments FORMAT  ID 
MNEMONIC HEX (7 bits) 

HIC2 
HIC  Record  Rate  Change  Data  none  2Bh  HIC3 
HIC Playback  Data none  2Ah 

. 
( 1 )  Last four (4) bits of the  image count reside in the area  reserved for the Format ID. 

Table  3.6.2.1 - Packet  IDS 

3.7. Operating Modes 

The two main  operating  modes are RECORD  and  PLAYBACK. Simultaneous with either of  these 
modes are Real  Time  modes  to  support  Engineering, OPNAV  and Real Time  Science. 

Reqt. A: Any  Real  Time  mode  can  be  operable  with  any  Record  mode or Playback  mode. A 
Record  mode  can  only  be  activated  when  Playback  mode  is  not active or is paused. 
Playback mode  cannot be activated  while  in  a  Record  mode. 

Comment:  The  LPB  mode is an unique €UT mode  included for diagnostics and  ground testing. 
It is strictly a tape playback  mode at 7.68 kbps  and  precludes  any  other R/T or Record rate. 

3.7.1. Record Modes 

9 There are extensive modifications to the record  mode capabilities to  support the Phase I1 
implementation. These modifications include deletion of some existing record formats, addition of 
new formats and the replacement of LRS data with  LPW.  Additional  record formats are added  for 
the Buffer Dump to Tape and  PPR  Burst-to-Tape operations. All  record  mode formats are defined 
in  Appendix  A. 

3.7.1.1. Deletions 

Reqt. A: The following DMS  record formats will be  deleted: 

MPR,  XED, XCM, XPW, XRW, HCJ, HRW, MPB,  XPB,  XPN,  HPB, HPJ, BPB,  PW8,  LRS, 
LPR,  HCM,  PW4 
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3.7.1.2. Modifications 

Reqt. A: All  modes that are  retained  will  replace  LRS data with LPW data. 

3.7.13. Additions 

3.7.1.3.1. Regular  Tape Recorded Modes 

Reqt. A: The following new  record  modes  will  be added: 

BDT  -Buffer  Dump  to  Tape 
BPT - PPR  Burst to Tape 
LNR - Low  Rate  Science + NIMS 
LPU - NIMS  Data + U V S  and  PPR 
HIS - High  Rate  SSI + NIMS 
HCA - High Rate NIMS  and  SSI 
HMA - High  Rate  NIMS  and  SSI + PWS 

Reqt. B: HCA format will be the same as HCM  mode (deleted) with the exception that only 
lines 1 - 200 will be read  out. 

Reqt. C: HMA format will  be the same as HIM  mode  with the exception that only lines 1 - 400 
are read out. 

p b (  EDIT ) + DMS 

F&P INST 
ANDSSI 

BUFFER DUMP 
TO TAPE 

Figure 3.7.1.3.1.1-  Record  Data  Flow 
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3.7.1.3.2. Record Rate Change Buffering 

Reqt. A: The  capability  shall  be  provided  for  capturing  the  LPW  portion  of  the  record  format, 
which  contains  fields  and  particles  instruments  and  the W S  instrument,  and  place this 
record  mode  data  in  the  RTS  data  stream  during  the  time of record  gaps  due to record  rate 
changes. 

Comment: A special  record  rate  change  VCDU  has  been  defined  for  the  Record  Rate  Change 
data  (see 3.5). This VCDU  will  be  processed  as if it was an  RTS  VCDU  and  will  be  placed 
in  the  multi-use  buffer. 

Reqt. B: The  unused  space  in  the  final  Record  Rate  Change  VCDU  at  the  completion of a 
record  rate  change  will  be  filled  with  fixed  pattern  fill  data to complete  the  VCDU. 

Reqt.  C:  Provide SelectDeselect capability  for  RRCC. 

3.7.1.3.3. Burst to Tape Mode 

Reqt. A: To reduce  use  of  tape  resources,  the  capability  shall  be  provided  to  record  burst  mode 
data fiom the  PPR  instrument as shown  in  Figure 3.7.1.3.1.1. 

Comment: A characteristic  of  the  burst  mode  of  data  recording is the  collection of data  in  a 
buffer  over  a  period of time  prior to recording. This is necessary  to  overcome  the  slow data 
collection  rate  relative to the  slowest  DMS  record  rate  (7.68  kbps).  The  buffer  used  for 
Burst to Tape  mode is also shared  with  regular  record  modes  which  contain  NIMS  data  and 
with SSI processing. 

Reqt. B: AACS  data  from  the  LPW  data  stream  will  be  captured  with  PPR  burst to tape  data. 

Reqt. C: The data recorded  in  burst to tape  mode  will  be  retrieved  via  the  playback  table 
process. 

3.7.1.3.4. Buffer  Dump  to  Tape 

Reqt. A: Provide  for the sequenced  dumping  of the multi-use  buffer to tape.  Upon  the  issuance 
of a  sequence  command  (6TMCHG  X,XXX,BDT),  the  CDS  will  transfer all processed 
VCDUs in the multi-use  buffer to the  DMS. Raw data in the  buffer  (data  not  yet  processed 
into VCDUs)  and  completed  VCDUs  that  arrive  in  the  multi-use  buffer  after the issuance of 
the BDT  command  will  not be transferred to the  DMS. 

Comment:  If  a  buffer dump to tape is required  during  playback,  the  playback  process  must  be 
paused  (6TMCHG  X,XXX,PPB)  and  the  tape  properly  positioned.  prior to the issuance  of  the 
buffer dump to tape  command  (6TMCHG X , W B D T ) .  
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3.7.2.  Real Time  Modes 

There are real timeformats for Engineering,  Real  Time Science (RTS) and  OPNAV data. 
Engineering sample rates for real  time data are limited  to 2 bps, 10 bps and 40 bps in  packetized 
telemetry modes, and 10 bps  and 40 bps  in  TDM  modes. For real  time science, 9 formats have 
been defined, with sample rates  for  each  instrument  specified by the mode. Additionally, individual 
instruments or multiple instruments can be deselected  from data collection in  any  RTS  mode,  and 
the RTE data collection can  be  deselected  in  any  telemetry  mode. 

3.7.2.1. Deletions 

Reqt. A: Delete  MRO support for 8 and 16 bps  TDM  rates. 

Comment:  The 8 and 16 bps  TDM  modes  are  being  deleted for the Phase I1 mission  (see 3.2.1). 

3.7.2.2. ModificationdAdditions 

Reqt. A: Delete the 80 byte MRO  capability  and  replace  with the 32 byte  MRO capability. 

3.7.2.3. Priority Buffer Modes 

Engineering and  OPNAV data has priority over Real-Time Science and Playback data. To 
accommodate this priority, a separate priority  buffer (4 Kbytes) will be provided to store up to 
nine VCDUs of priority data. This data will  not  be subject to buffer  dump to tape and  any 
completed VCDUs in the priority  buffer will be forwarded to the next available slot in the 
downlink telemetry fiame. 

Reqt. A: The Engineering and  OPNAV  VCDUs will have priority over RTS and recorded data for 
inclusion into a telemetry fiame. Within the priority buffer, Engineering and OPNAV data have 
the same priority. 

Reqt. B: On buffer overflow, newest data will  be discarded. 

3.7.2.3.1. Real  Time  Engineering 

Reqt. A: The capability shall be provided to collect and return packetized engineering data 
according to  the table of realtime telemetry  modes specified in Table 3.2.2.1. The  required 
collection rates for Real-Time Engineering (RTE) are 2, 10,  and 40 bps.  The data will be 
placed into packets in accordance with 3.6 and 3.9, which  will then be  placed in VCDUs in 
accordance with 3.5. 

Comment: Engineering and OPNAV data will  be  mixed in the priority VCDU. Segregation of 
priority data will be at the packet level. 
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Reqt. B: 10 bps, 40 bps (Spun LLM),  and  1200  bps  (Despun  LLM)  Engineering  TDM  modes 
are retained. However, the data structure will be the same as that for  packetized  telemetry 
(see 3.10 for  changes  and modifications to the fixed  telemetry structure). 

Comment:  The 1200 bps  from the Despun  LLM is for  ground testing only  and cannot be  used 
in flight. This is the source  of the IUS  port data for testing in the testbed. 

R.eqt. C: The  capability  shall be provided  to  extract the embedded 1200 bps engineering 
telemetry  from  the  recorded  LPW  data  and  make it available for inclusion in the  telemetry 
frame as playback data under  playback  table control. 

Comment:  The  extracted 1200 bps  engineering data will be processed as playback data and  will 
not be  placed  in the  priority  buffer  for  downlink.  The data will be placed  in the multi-use 
buffer  and  will  come  down  in  sequential order with  other  playback  and  RTS data. 

Reqt. D:  The  priority  buffer  shall be sized to allow storage of up to fifty (50) minutes of 
engineering data acquired at 10 bps. 

Reqt. E: The  capability  shall  be  provided to deselect  RTE data fiom the data collection process 
in  any  telemetry  mode. 

3.7.2.3.2. OPNAV 

Reqt. A: The capability shall be provided to collect and edit realtime OPNAV data and  make it 
available to the packetization  and framing process as shown in Figure 3.7.2.4.1 .l. Real  time 
OPNAV data will be collected and processed  using  special  OPNAV editing and  processing 
algorithms as specified in 3-3 10 - Flight Software  requirements. The OPNAV data packets 
will be structured as given in 3.6  and  3.9,  and  will  be  included in priority VCDUs  along  with 
engineering data in the priority  buffer. 

Reqt. B: The capability shall be  provided to playback  recorded  OPNAV data and  make it 
available to the packetization  and  framing process as shown in Figure 3.7.3.1.  OPNAV  data 
will be  recorded in the IM8 record  mode.  After  processing the recorded  OPNAV data, it 
will be placed in packets as given in 3.6 and  3.9  and  will  be  placed in priority VCDUs  with 
engineering data in the priority  buffer. 

Comment:  Any  unused area in a  priority  VCDU will be filled with engineering data. 

3.7.2.4. Shared Buffer  Modes 

The  multi-use buffer is shared by many processes. All data except Real  Time Engineering ( R E )  
and OPNAV data are processed  in the multi-use  buffer.  Both  raw data and processed VCDUs 
may occupy the buffer at any  given time, and the buffer fill state will  be controlled using 
programmable high and  low  buffer fill pointers for record data playback. 
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Reqt. A: The capability  shall  be  provided to buffer data acquired  from  DMS  playback  and  return 
as shown in Figure  3.7.3.1.  Playback  data  will  be  processed as specified in 3-3 10 - Flight 0 
Software Requirements. 

Reqt. B: VCDUs in the  multi-use b u e r  will  be  downlinked  in  time  order. 

3.7.2.4.1. Real Time Science (RTS) Formats 

Reqt. A: The  capability  shall  be  provided  to  collect  and  optionally  edit  Real  Time  Science 
(RTS) data in  a  buffer  for  later  return as depicted in Figure  3.7.2.4.1.1. 

Comment: Nine instruments  (NIMS, E W ,  W S ,  MAG, DDS,  PLS,  PWS  low  rate,  EPD  and 
HIC) and  AACS,  require  data  pickup  for  insertion in the  RTS  data  stream. This data will  be 
processed  using  instrument  specific  algorithms  prior  to  downlink.  These  algorithms  are 
specified  in  3-3  10 - Flight  Software  Requirements. 

Reqt. B: Provide 9 RTS  telemetry  formats as shown in Table  3.7.2.4.1 .l. 

Reqt. C: Provide  the  capability to deselect FUT science data collection  from one or  more 
instruments, in any  RTS  format. 

Reqt. D: Instrument data shall be collected in a  manner to continuously  support the average 
rates (bps) shown  in  Table  3.7.2.4.1.1. 

Fmt - 
A .. - 
B 
C 
D 

- 
- 
- 

E 
F 
- 

- 
Note: 1 

RTS 

Rev -- 

i d  

RTS Data Rate 

ata  rate is the collection rate from the  instruments  prior to packetization  and IUS overhead.  Comprcssion is assumed  for PWS. 

Table 3.7.2.4.1.1 - Science  Telemetry Formats 
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io 
Rev -- 

F&P  INST 

DOWNLINK 

Figure  3.7.2.4.1.1 - Real-Time  Data  Flow 

3.7.2.4.2. Mode Change Synchronization 

Reqt. A: The  downlink  will  change data rates in a  manner such that no data is lost. 

Comment: Changing data rates includes  going to and  from zero (0) bps downlink rate. 

Reqt. B: The capability shall be provided to maintain the current data rate when  no data remains 
to downlink. 

Reqt. C: The capability shall be provided to insert one or more  telemetry fiames of non-critical 
spacecraft data into the downlink  stream for the purpose of DSN  receiver signal acquisition. 

Comment:  When  no data is available to downlink, the CDS  will construct telemetry frames 
consisting of high  rate  PWS data to insert on the downlink. This capability  will also be  used 
to construct the dummy frames of spacecrafl data for DSN receiver signal acquisition. 

Reqt. D: When switching downlink  telemetry  rates, the spacecraft  will  be able to switch data 
rates on 64 byte boundaries. 

Comment: the CDS  will  change the downlink data rate on 128 second boundaries, which is an 
integral multiple of 64 bytes at all D L  data rates. 

Reqt. E: When switching €UT rates, CDS will issue commands to the instruments for the new 
rate and will begin picking up data at the new rate on the next instrument cycle boundary. 
See 3-3 10 for specific instrument exceptions. 
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Reqt. F: When switching from  a  real  time  only  mode to a  Record  mode, the instrument cycle 
shall be ignored and the switch to  record  mode  will  occur regardless of  where the instrument c 
is in its cycle. 

Reqt. G :  When switching from  one'2ecord  mode to another record  mode, the instrument  cycle 
will be ignored  and the change will occur  when  commanded regardless of where the 
instrument is in its cycle. 

Reqt. H: When switching from  a  record  mode to a  Real  Time mode, CDS  will  begin  picking  up 
data from the instrument at the new  rate  on the next  instrument  cycle  boundary. See 3-3  10, 
3-270  for specific instrument  exceptions.  Some instruments can  generate  both  RTS  and 
Record data simultaneously. 

Comment:  When switching between R/T and  Record data, Record data has higher priority. The 
instruments desire to maximize the collection of Record data at switches between RiT and 
Record  modes. 

3.7.3. Tape Data Playback 

All data playback  from the DMS  will  be  controlled  via  playback tables as defined in 3-290 - 
Command Structure and  Assignments,  and 3-3 10 Flight Software Requirements. Data will  be read 
from the DMS at 7.68  Kbps  and  placed  in the multi-use  buffer as illustrated  in Figure 3.7.3.1. SSI 
data will  be  processed  and  assembled into VCDUs  prior to entry into the multi-use buffer. All  other 
data will  be  placed into the multi-use  buffer as raw data and  processed to packets and  placed into 
VCDUs  upon pausing of the playback (buffer full). Any data that will not be downlinked will be 8 
deselected and will not be placed into the multi-use  buffer. 

Reqt. A: When the playback process is active, the buffer fill state will be controlled via 
programmable high and low water  marks. 

Comment:  When the buffer fill state reaches the lower  mark, the playback process will 
autonomously initiate DMS data playback to fill the buffer. This includes backing up the tape 
recorder to recover data passed up in the previous tape run-down, allowing data playback to 
proceed from where it halted in the previous buffer fill. When the buffer fill state reaches the 
upper mark, the playback process will autonomously cease DMS playback and process the raw 
data in the buffer into VCDUs. 
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DESELECT 

I DATA 

OTHER  DATA PROCESSED 
DATA 

DESELECT 

I 1-1 MULTI-USE BUFFER 
I I----” 

I I U I 

I DATA I ‘-(Ey)-b‘I PRIORITY BUFFER 

A i: 

3 

DOWNLINK 

Figure  3.7.3.1 - Playback  Data  Flow 

3.7.3.1. Playback  Table Controls 

Reqt. A: The DMS data  shall  be  played  back  and  processed  according to the  playback  table,  the 
contents  of  which  is  specified  on  the  ground  and  uplinked to the  spacecraft. This data  will be 
placed  into  packets  according  to 3.6  and  3.9. 

3.8. Data Compression 

Data  Compression  is  used to minimize  the  number  of  bits  that  must  be  transmitted  from  the  spacecraft 
to the ground. Compression  consists  of two basic  types:  lossless  compression  and  lossy  compression. 
Lossless compression is characterized by the  ability to fully  recover  the  compressed  data  with  no  loss 
of fidelity. Lossy  compression is characterized by the  fact  that  in  the  compression  process,  data  is 
intentionally  lost  in  order to maximize  compression.  For  the  SSI  playback  data,  a  lossless  compressor 
based  upon  the  Huffinan  algorithm will be  available.  For NIMS playback,  an  editor  and  a  lossless 
compressor  based on the RICE algorithm is used.  For  lossy  compression  the  Integer  Cosine 
Transform  (ICT)  compression  algorithm is used  for  SSI  playback  and  PWS €UT low  rate  data. 
Expected  algorithms  and  compression  ratios  are  given in Table  3.8.1. 
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Data Type (Instrument) Comp.  Ratio Algorithm Mode 
NIMS 1 - 5  Rice PB 

t I 

PWS Low Rate 
1 - 80 ICT+Huffman  PB SST 
2 - 80 ICT R/T 

Table 3.8.1 - Compression Algorithms 

3.9. Detailed  Packet  Data Description 

This section describes the packet  structure  for  each  Application  ID to the extent  required to identify 
specific data as needed  for  ground  processing  in  AMMOS Telemetry, Data Records, or Science 
Processing at JPL. 

Packet definitions are contained in 3-3  10 - Flight  Software Requirements. The following is a  packet 
description of  a  typical  packet (as an example). 

~ 

Time 

8 ... 8 8 32 7 9 7 1 
inc. 

Data200 ... Data2 Datal (Time) Seq. # Size App  ID 

A 

NIMS  1  R-R-R-MF/2 
~ ~~ 

Table 3.9.1 - NIMS R/T Data  Packet 

The  NIMS R/T packet is illustrated in Table 3.9.1.  The data fields in this packet  are: 

Time inc. (1 bit): 

App. ID (7 bits): 

Size (9 bits): 

Seq ## (7 bits): 

(Time) (32  bits): 

Datal (8 bits): 

Data2(8 bits): 

Data200(8 bits): 

Rev -- 

1 - Time is included in the time field 
0 - Time  not  included (no time field) 

(will include Application  ID bit pattern  here) 

(Size will be fixed at completion of packet definition, max 5 1  1 bytes) 

kolls over at 128. 

Included if Time  inc.  bit set to 1 .  If included, format is : 
R-R-R-MF/2 - Full Rim count plus minor Erame with high order bit 
set if data taken in RTIs 5-9.  At least 20 bits of RIM must be  included. 

First data field. 

Second data field. 

Last data field. 
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3.10 Fixed Telemetry 

3.10.1 Modifications 

Reqt. A: The  CDS  shall  provide  visibiTity  into the playback table processing status and  telemeter 
this status to the ground. 

Reqt. B: Provide  capability for the  timely  identification  of anomalous uplink. 

Comment: This requirement  can  be  satisfied by providing  telemetry indicators of anomalous uplink 
at the highest  engineering  sample  rate.  Counters  for  commands  accepted  and  commands 
rejected  will be included  in 7 or 13 deck  telemetry  positions  and  a  variable  packet  map  will  be 
defined which  contains the 32 byte  missing  message list. Other HLM telemetry  measurements 
that will assist in the assessment  of an anomalous  uplink  will also be included in the variable 
map. 

Reqt. C: Provide status telemetry  on the state of the multi-use  buffer  and the priority  buffer 
including a  buffer  ovefflow  indicator. 

Reqt. D: Provide the capability  to  insert  a  selected  set of CDS HLM telemetry  measurements into 
the 7 and 13 level  commutation  decks  and into variable  packets 

Comment:  The  CDS HLM commutator structure has only 91 deck positions. A selected set of CDS 
data needs to be  inserted in faster decks for more  frequent  updates. 

Reqt. E: When switching data rates,  telemetry  sampling will restart  only  when the data rate change 
affects the Real  Time  Engineering (RE) data acquisition rate. 

e 
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APPENDIX A - RECORD FORMATS 

The structures for all  of  the  record  formats  used  in  Phase I1 are  contained  in this appendix. This 
includes  all  existing  formats  that  are  retained  (MPP,  MPW,  HIM,  HPW,  IM4, A18 and IM8), new 
formats for Phase I1 (LNR,  LPU, HIS, HCA  and  HMA),  all  formats  added  in  Phase  I and retained  in 
Phase I1 (LPW). Note that  the  new HMA format is the  same  as  the  HIM  format  except  that  only  lines 1 
- 400  are  read  out.  The  new  HCA  format  is  the  same  as  the  old  HCM  format  (deleted)  except  that  only 
lines 1 - 200 are  read  out. 

BDT - Buffer  Dump to Tape 

Data  Rate:  7.68  Kbps 

Engineering: 0 bps 

Frame  Length:  15360  bits 

Frame  Time: 2.0 seconds 

HDR 
992 3568  3568  3568 3568 96 
Filler VCDU  VCDU  VCDU VCDU 

Data  Description 

7680  15360 TOTAL 
14368 496 992 Filler 
10800  1784 3568  VCDU 
7232 1784 3568  VCDU 
3 664 1784  3568  VCDU 
96 1784 3568 VCDU 
0 48 96 Header 

Offset to Start of data Bitshec BitsFrame 

Rev -- Page  3-22 4  November,  1993 



Appendix to 625-205-GLL-3-280, Telemetry Measurements and Data Formats 

BPT - PPR Burst to Tape 

Data Rate: 

Engineering: 

Frame Length: 

Frame Time: 

7.68 Kbps 

0 bps 

2560 bits 

0.333  1/3  seconds 

HDR 
144  32 144 ' 32  (2224  BITS) 144 32 96 
PPR14 . AACS14 ...... PPR2  AACS2 PPRl AACS1 

Data Description 

7680 2560  TOTAL 
96  7392  2464 14  PPWAACS Blocks 
0 288 96 Header 

Offset  to Start of data Bitsjsec BitsFrame 
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LNR - Low Rate Science + NIMS 

Data  Rate: 7.68 Kbps 

Engineering:  1200  bps (effective) 

Frame  Length: 5 120  bits 

Frame Time: 0.666 213 seconds 

. 
HDR 

432 400 16 16 432 24  408  96 96 672  704 96 

NlMS EPD Coded DDS NlMS ' NlMS PLS SSI HICI UVS Eng. 
E W  Reserve Sta. Sta. 

r 

~ 

EPD(part 1) , 400  912 2560 
NIMS  art 2) 432 " 2960 

Y 

EPD (part 2) 208 " 3392 
PPR 144 216 3600 
MAG (part 1 )  80 240 3744 
NIMS (part 3) 432 " 3 824 
MAG (part 2) 80 " 4256 
PWS Low Rate 160 240 4336 
AACS Pos. & Rate  data 192 288 4496 
NIMS (part 4) 432 " 4688 
TOTAL 5 120  7680 

, ' 
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LPU - NIMS data + U V S  and PPR 

Data  Rate:  7.68  Kbps 

Engineering:  1200  bps  (effective) 

Frame  Length: 5 120  bits 

Frame Time: 0.666 213 seconds 

Data  Description I BitsRrame I Bitslsec I Offset  to Start of data I 
Header 

41  12 NIMS 
0 1 44 96 

7680 5 120 TOTAL 
5024 1 4 4  96 AACS 
4880 216  144 PPR 
4208 1008  672 uvs 

96 6168 

- 
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HIS - High Rate SSJ + NIMS 

Data Rate: 1 15.2 Kbps 

Engineering: 1200  bps (in LPW stream) 

Frame Length: 7680 bits 

Frame Time: 0.066  2/3  seconds 

I HDR I LPW I NIMS I SSI 1 I SSI 2 1 
1/10 

96 3152 3152 768 512 

Data Description 

1 15200 7680  TOTAL 
4528 47280 3152 SSI 2 
1376 47280 3  152 SSI 1 
608 1 1520 768 NIMS 
96 7680 512 1/10 LPW 
0 1440 96 Header 

Offset to Start of data Bitshec Bits/Frame 
I 
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HCA - High  Rate  NIMS  and  SSI 

Data  Rate: 115.2 Kbps 

Engineering: 1200  bps  (in  LPW  stream) 

Frame  Length: 7680  bits 

Frame  Time: 0.066 213 seconds 

HDR 

2592 512 2592 512  96 768 512 96 

Filler Compressed R/s Compressed NIMS ~ p w  
111 0 Code Imaging Code Imaging 
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HMA - High  Rate  NIMS and SSI + PWS 

Data  Rate: 115.2 Kbps 

Engineering: 1200 bps (in  LPW  stream) 

Frame  Length: 7680  bits 

Frame  Time: 0.066 213 seconds 

HDR 

63 04 768 512 96 

Imaging NIMS LPW 
1/10 

r 

Data  Description 
Header 

Bitslsec  Offset to Start of  data Bits/Frame 

1 15200  7680 TOTAL 
94560  1376  6304 Imaging 
1 1520  608 768  NIMS 
7680 96 512 1/10 LPW 
1440 0 96 

I 
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LPW - Low Rate Science + PWS 

Data  Rate: 7.68 Kbps 

Engineering: 1200 bps (effective) 

Frame  Length: 5 120  bits 

Frame Time: 0.666 213 seconds 

HDR pws EPD Coded DDS PWS NlMS PLS SSl HICI uvs Eng. 
E W  Reserve Sta. Sta. 

96 16 16 400  432 432 24 408 96 96 672  704 

Rev -- Page 3-29 4 November,  1993 



Appendix to 625-205-GLL-3-280, Telemetry Measurements and Data Formats . 

MPP - Medium Rate Science, PWS data without NIMS 

Data Rate: 28.8  Kbps 

Engineering: 1200  bps (in LPW  stream) 

Frame  Length: 1920 bits 

Frame Time: 0.066 2/3 seconds 

HDR 

32 1280 512 96 

Filler PWS LPW 
1/10 

. 
Data Description 

28800 1920 TOTAL 
1888  480 32 Filler 
608  19200 1280  PWS 
96 7680 512 1 / lo  LPW 
0 1440 96 Header 

Offset to Start of data Bits/sec BitsFrame . 

1 
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MPW - Medium  Rate  Science,  PWS 

Data  Rate: 28.8  Kbps 

Engineering: 1200  bps  (in  LPW  stream) 

Frame  Length: 1920  bits 

Frame  Time: 0.066 213 seconds 

I HDR  I.LPW I NIMS 1 PWS Filler 
1/10 

96 32 512 768 512 
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HIM - High Rate Science, Imaging 

Data Rate: 1 15.2  Kbps 

Engineering: 1200 bps  (in  LFW  stream) 

Frame Length: 7680  bits 

Frame Time: 0.066 2/3 seconds 

IHDR I LPW I NIMS 1 Imaging I 
1/10 

96 63  04 768 512 

Data Description 

608 1 1520  768 NIMS 
96 7680 512 1/10 LPW 
0 1440 96 Header 

Offset  to Start of data Bits/sec Bits/Frame 
I 

I 

Imaging 
1 15200  7680  TOTAL 

1376  94560 6304 
” 

a 
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HPW - High Rate  Science,  PWS 

Data  Rate: 1  15.2  Kbps 

Engineering: 1200  bps  (in  LPW  stream) 

Frame  Length: 7680  bits 

Frame Time: 0.066 2/3 seconds 

HDR 

63  04 768 512 96 

PWS NIMS LPW 
1/10 

. 
Data  Description 

1  15200  7680 TOTAL 
1376  94560 6304 PWS 
608 1  1520 768  NIMS 
96  7680 512  1/10  LPW 
0 1440 96  Header 

Offset to Start of  data Bitsisec Bits/Frame 
L 

"" 

a 
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IM4 - Compressed Imaging at 403.2 

Data Rate: 403.2  Kbps 

Engineering: 1200  bps  (in LPW stream) 

Frame Length: 3360 bits 

Frame Time: 0.008  2/3  seconds 

HDR 

512 2592 96 64 96 

Reed-Solomon  Parity Compressed  Imaging NIMS LPW 
1/80 Symbols 1/8 

Data Description 

160 1 1520 96 1/8 NIMS 
96 7680 64 1/80 LPW 
0 1 1520 96 Header 

Offset to Start of data Bitslsec Bits/Frame 

~ ~~ ~~ 

Compressed Imaging 
2848 6  1440  5  12  Reed  Solomon Parity 
256 31 1040  2592 

Symbols 
TOTAL, 403200 3360 
” 8 

Y 
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AI8 - Imaging Recorded at 806.4 

Data  Rate:  806.4  Kbps 

Engineering: 1200  bps  (in  LPW  stream) 

Frame Length: 6720  bits 

Frame  Time: 0.008 113 seconds 

HDR 

3200 3200 64 96 64 96 

Imaging Imaging Filler NIMS  LPW 
1/80 1 /8 

I Data DescriDtion I BitsFrame I Bits/sec I Offset to Start of data 1 
Header 96 

96 7680 64 1/80 LPW 
0 1 1520 

~~~ 

118 NIMS 

320  384000  3200 Imaging 
256  7680 64 Filler 
160 1 1520 96 

3200  3 84000 3520 
6720 806400 

0 
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IM8 - Imaging Recorded at 806.4 

Engineering: 1200  bps  (in  LPW stream) 

Frame Length: 6720 bits 

Frame  Time:  0.008  1/3 seconds 

HDR 

6400 64 96 64 96 

Imaging Filler NIMS LPW 
1 /80 1 /8 

Data Description 
Header 

Offset to Start of data Bits/sec Bits/Frame 

806400 6720 TOTAL 
320  768000  6400 Imaging Data 
256  7680 64 Filler 
160 11520 96 118 NIMS 
96 7680 64 1/80 LPW 
0 1 1520 96 
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* APPENDIX B - REED  SOLOMON AND CONVOLUTIONAL  CODING 

The data to be  downlinked is fed to the  Reed  Solomon  process  and the software  convolutional  coder. 
The data is fed  into the Reed  Solomon  encoder as shown in  Figure  B-1  in the order specified. 

H- 8BYTES 

I 1-1 DATA NOTE: FILL AND DOWNLINK ARE = REED-SOLOMON  PARITY  BYTES IN ROWWISE FASHION 

ENCODED 
REGION 

Figure B-1 - Reed  Solomon  Encoding  Frame 

When the data is passed to the software Convolutional  encoder, the data is read  out  in  accordance with 
the downlink order of data in figure B-1 with  no  special  processing  of  parity  bytes. Thus the parity 
bytes are interleaved into the data bytes for VCDUs 3 and 4. Figure B-2 illustrates the interleaving. 

“ m ” m ~  446BYTES  446BYTES 454 UY I t S  692 BY“&S 

m c  

R B m )  

- 
VCD” ’ WORD VCDU 3 VCDU 2 

ENCODED REGION (2040 BYTES, 16320 BKS) 

DATA = REED-SOLOMON  PARITY BYTES 

Figure B-2 - IUS Parity  Bit  Interleave in Convolutional  Code  Block 

e 
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APPENDIX  C - SCIENCE  INSTRUMENT  HOUSEKEEPING  DATA 

Science instrument housekeeping  data  consists  of two main  types of data;  data  required  for  the 
monitoring of the health and  safety of the instrument,  and  data  required  for the assimilation, 
calibration or interpretation  of the instrument data. The  health  and  safety data will  be  obtained by 
placing the appropriate channels  in the fixed  telemetry  and  retrieving  the data with  the  fixed 
engineering data. The  other  housekeeping  data  will be obtained by multiple  methods,  specific  to  the 
instrument and its operating  modes. 

The following paragraphs  list the housekeeping  data  requirements  for  each  instrument  and the 
expected  method of obtaining that data. 

DDS instrument housekeeping  data is included  in  the DDS R/T packet.  There is no requirement  to 
extract this data for  instrument  monitoring. 

One byte of science housekeeping data is  to be  collected  directly  from the instrument  memory  and 
placed into the fixed  engineering 91 deck  telemetryfor  instrument  monitoring.  Memory  location 
TBD. 

E W  instrument housekeeping data will  be  included in the E W  data packets  and  will  not  require 
extraction for instrument monitoring.  Existing  engineering data obtained through engineering 
channel E- 1680 will be  retained in fixed  telemetry. 

Housekeeping data for the HIC  instrument  will be included in the HIC instrument  packets.  Two 
engineering channels currently in the fixed  engineering  will  remain  for  instrument  health  and  safety 
monitoring. 

The MAG instrument will obtain required  housekeeping data via  Memory  Readouts (MROs). 
Existing engineering measurements in the fixed  engineering  will  remain for monitoring instrument 
health and safety. Additional X, Y and Z sensor  offset data measurements  (total of 6  bytes)  will be 
picked up via DMA transfer (BTs)  and  inserted in the 91  deck of the fixed engineering telemetry 
structure. 
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Science channels S-1924,  S-1925,  S-1926,  S-1927,  S-1929  and  S-1930  will be obtained directly 
from NIMS  memory (addresses 1592h through  1597h) each minor  frame (total of 5 bytes/mf)  and 
placed into the fixed  engineering 9 1 deck  telemetry for instrument  monitoring. 

The  PLS has no  specialized  housekeeping  data  requirements.  Engineering  channels E-1  75 1 and  E- 
1764  will  be  used  to monitor the health and safety of L\e instrument  and will be obtained  through 
the fixed engineering 91  deck  telemetry. 

PPR Instrument: 

All  PPR  housekeeping data will be included  in the PPR  instrument  packets  and does not  require 
extraction for R/T instrument  monitoring.  Engineering  channels E- 17 15  and  E- 1 7  16  will be 
included in the fixed  engineering 91  deck  telemetry for monitoring the health  and safety of the 
instruments. 

6 
All housekeeping data for the PWS instrument  will be obtained  from the recorded LPW'data. 

Ins- 

For monitoring instrument health and  safety,  engineering channels E-1 880 to E-1885  will  be 
included in the 91 deck  of the fixed engineering telemetry  structure. 
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When the instrument is on, the SSI will return 12 bytes of data which are: 0 

S-1913,  S-1914,  S-1916 DATA  WORD 25 Image  Mode, Compressor Status 
S-1900, S-1907, S-1908, DATA  WORD  26 Actual Filter, Watchdog Trip 
S-1909,  S-1910 I I I 
This data will be included in the 91  deck of the fixed  engineering  telemetry structure. The 
additional 15 data words that are not  regularly  sampled  will be periodically  retrieved via MRO. 

When the instrument is returning images, the SSI  will  return  7 bytes of data which are: e 
S-CHANNELS 

S-1909. S-1910 
Actual Filter, Watchdog Trip DATA  WORD 26 S-1900, S-1907, S-1908, 
Plus 5 Volts DATA  WORD  25 S-1913, S-1914, S-1916 

S-1878, S-1879 
Input Current DATA  WORD  24 S-1898, S-1876, S-1877, 
State Vector Status DATA  WORD 23 S-1897,  S-1875 
Programmed  Memory Readout DATA  WORD  22 S-1912 
ROM  Checksum DATA  WORD 19 S- 1 894 
RAM Checksum DATA  WORD  14 S-1889 
DESCRIPTION DATA  TYPE 

This data is returned for each image (including OPNAV)  in the special housekeeping packet. 

EXCEPTION: In the 2 1/3 second  mode only, DATA  WORDS  22 - 26 will be  returned. 
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B s Instrument: 

W S  instrument  housekeeping  data  will  be  included  in  the W S  data  packets  and will not  require 
extraction for instrument  monitoring.  In  addition,  engineering  channel E- 1790 will be included in 
the fixed  engineering 91 deck  telemetry  for  instrument  health  and  safety  monitoring. 
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S C O P E  

T h i s  d o c u m e n t   e s t a b l i s h e s  t h e  C a l i l e o  ( C L L )  t e l e m e t r y   m e a s u r e m e n t s  
a n d   d a t a   f o r m a t s .   I n c l u d e d   a r e   f u n c t i o n a l   r e q u i r e m e n t s   a n d  
d e s c r i p t i o n s   o f  t h e  t e l e m e t r y   f o r m a t   s t r u c t u r e   c h a r a c t e r i s t i c s   f o r  
E n g i n e e r i n g ,   S c i e n c e   a n d   P l a y b a c k   d a t a .   F o r   t h e   p u r p o s e  o f  t h i s  
d o c u m e n t ,   T e l e m e t r y   H a n d l i n g   i s   d e f i n e d  a s  t h o s e   f u n c t i o n s   r e q u i r e d  
t o   p r e p a r e   a n d   p r o c e s s   e i t h e r   s c i e n c e   o r   e n g i n e e r i n g   d a t a   d u r i n g   a n y  
p h a s e   o f  t h e  m i s s i o n   f o r . s u b s e q u e n t   t r a n s m i s s i o n   t o   e a r t h .  

A P P L I C A B L E  D O C U U E N T S  

T h e   f o l l o w i n g   d o c u m e n t s   f o r m  a p a r t   o f  t h i s  f u n c t i o n a l   r e q u i r e m e n t .  

N O T E  

C L L - 3 - 1 0 0 ,   C a l i l e o   O r b i t e r   R e q u i r e m e n t s   a n d   C o n s t r a i n t s ,   a p p l i e s   t o  
t h i s  d o c u m e n t .   R e q u i r e m e n t s   o f   o t h e r  C L L  l e v e l  3 d o c u m e n t s  may a l s o  
b e   a p p l i c a b l e .   I t  i s  t h e   r e s p o n s i b i l i t y   o f  t h e  u s e r   t o   a d e q u a t e l y  
a c q u a i n t   h i m s e l f   u i t h   t h e   o r g a n i z a t i o n   a n d   p e r t i n e n t   c o n t e n t s   o f   t h e  
l e v e l  3 d o c u m e n t s ,   a s   w e l l  a s  w i t h  t h e  m a t e r i a l   c o n t a i n e d   h e r e i n .  

R E Q U I R E U E N T S  

Je t  P r o p u l s i o n   L a b o r a t o r v  

G L L - 3 - 1 0 0   F u n c t i o n a l   R e q u i r e m e n t ,   C a l i  
R e q u i r e m e n t s   a n d   C o n s t r a i n t s  

G L L - 3 - 1 1 0   F u ' n c t i o n a l   R e q u i r e m e n t ,   C a l i  
F u n c t i o n a l   B l o c k   D i a g r a m   a n d  
L i s t i n g s  

Leo O r b i t e r  

C L L - 3 - 2 9 0  

G L L - 3 - 3 0 0  

C L L - 3 - 3 1 0  

Leo O r b i t e r  
I n t e r f a c e  

F u n c t i o n a l   R e q u i r e m e n t ,   C a l i l e o   O r b i t e r  
Command S t r u c t u r e   a n d   A s s i g n m e n t s  

F u n c t i o n e l   R e q u i r e m e n t ,   C a l i l e o   O r b  
T e l e c o m m u n i c a t i o n s  

i t e r  

t e r  F u n c t i o n a l   R e q u i r e m e n t   C a l i l e o   O r b i  
S o f t w a r e   R e q u i r e m e n t s  

D O C U M E N T S  

J e t  P r o D u l s i o n   L a b o r a t o r y  

P D  6 2 5 - 5 3   E n d - t o - E n d   , I n f o r m a t i o n   S y s t e m  

. P D  6 2 5 - 5 9  CLL/STS S y s t e m   R e q u i r e m e n t s   D o c u m e n t  
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3 . 0  

3 . 1  

3 . 1 . 1  

N a t i o n a l   A e r o n a u t i c s   a n d   S p a c e   A d m i n i s t r a t i o n  

NASA P l a n e t a r y   P r o g r a m   F l i g h t / G r o u n d   D a t a  
S y s t e m   S t a n d a r d s  

J o h n s o n   S ~ a c e   C e n t e r  

I C D - 2 - 1 F 0 0 1 - 0 0 2   S h u t t l e   O r b i t e r / l U S   C a r g o   E L e m e n t  
I n t e r f a c e s  ( C L L  A n n e x )  

Lewis R e s e a r c h   C e n t e r  

I C D - 6 5 - 6 9 0 0 1   I n t e r f a c e   C o n t r o l   D r a u i n g  S T S / I U S / G L L  
S p a c e c r a f t  

Ames R e s e a r c h   C e n t e r  

J P - 5 3 0   P r o b e   S y s t e m / O r b i t e r   S y s t e m   I n t e r f a c e  
S p e c i f i c a t i o n  

T E L E M E T R Y  SYSTEM F U N C T I O N A L  R E Q U I R E M E N T S  

G e n e r a l  

T h e  C L L  O r b i t e r   s h a l l   c o n t a i n   h a r d u a r e   a n d   s o f t u a r e  t o   p e r f o r m   t h e  
t e l e m e t r y   f u n c t i o n a l   r e q u i r e m e n t s  a s  d e f i n e d   i n  t h i s  d o c u m e n t .  

T h e  d a t a   f l o u   b l o c k   d i a g r a m ,   d e p i c t e d   i n   F i g u r e  1 ,  s h o u s  t h e  
f u n c t i o n a l   f l o u   o f   a l l   C a l i l e o   O r b i t e r   t e l e m e t r y   d a t a .  

E n g i n e e r i n g   S u b s y s t e m s  

T h e  O r b i t e r   e n g i n e e r i n g   s u b s y s t e m s   c o n s i s t   o f  the  f o l l o w i n g :  

a .   S t r u c t u r e   s u b s y s t e m   ( S T R U )  

b .   R a d i o   f r e q u e n c y   s u b s y s t e m  ( R F S )  

c .  M o d u l a t i o n   d e m o d u l a t i o n   s u b s y s t e m  
(MDS) 

d .   P o w e r / p y r o   s u b s y s t e m  ( P P S )  

e .  Command a n d   d a t a   s u b s y s t e m   ( C D S )  

f .   A t t i t u d e   a n d   a r t i c u l a t i o n   c o n t r o l  
s u b s y s t e m  ( A A C S )  

g .   C a b l i n g   s u b s y s t e m  ( C A B L )  
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h .  

i .  

i .  

k .  

1 .  

m .  

n .  

0 .  

R e t r o   P r o p u l s i o n   M o d u l e  ( R P M )  

T e m p e r a t u r e   c o n t r o l   s u b s y s t e m  
( T E M P )  

M e c h a n i c a l   d e v i c e s   S u b s y s t e m  ( D E V I  

D a t a   m e m o r y   s u b s y s t e m  ( D M S )  

S / X - b a n d   a n t e n n a   s u b s y s t e m  ( S X A )  

H e a v y   i o n   c o u n t e r  ( H I C )  

x / S   d o w n c o n v e r t e r   s u b s y s t e m  ( X S D C )  

O r b i t e r   p u r g e   e q u i p m e n t  ( O P E )  

1 0  

1 1  

1 2  

1 6  

1 7  

2 8  

4 2  

71 

S h u t t l e   e n g i n e e r i n g   s u b s y s t e m s   c o n s i s t  o f  t h e  f o l l o u i n g :  

S u b s y s t e m  

" 

" 

3 . 1 . 2  

a .  I U S  

b .   S h u t t l e   o r b i t e r  ( S O )  

S c i e n c e   S u b s y s t e m s  

The G L L  s c i e n c e   s u b s y s t e m s   c o n s i s t   o f  t h e  f o l l o u i n g :  

S u b s y s t e m  

2 3  

2 4  

25 

a .   P l a s m a   u a v e   s u b s y s t e m   ( P U S )  

b .   E x t r e m e   u l t r a v i o l e t   s u b s y s t e m  ( E U V )  

E .  E n e r g e t i c   p a r t i c l e s   d e t e c t o r  
s u b s y s t e m  ( E P D )  

d .   P h o t o p o l a r i m e t e r   r a d i o m e t e r  
s u b s y s t e m  ( P P R )  

e .  D u s t   d e t e c t o r   s u b s y s t e m   ( D D S )  

f .   P l a s m a   s u b s y s t e m   ( P L S )  

g .  U l t r a v i o l e t   s p e c t r o m e t e r   s u b s y s t e m  
(UVS 1 

h .  M a g n e t o m e t e r   s u b s y s t e m  ( M A C )  

i .  S o l i d   s t a t e   i m a g i n g   s u b s y s t e m  ( S S I )  
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j .  N e a r   i n f r a r e d   m a p p i n g   s p e c t r o m e t e r  
s u b s y s t e m  ( N I M S )  

k .  S c i e n c e   c a l i b r a t i o n   s u b s y s t e m  ( S C A S )  

1 .  R e l a y   R a d i o   H a r d u a r e  ( R R H )  

m .  P r o b e  ( P R B )  

3 7  

4 0  

5 2  

6 0  

3 . 1 . 3  D o c u m e n t   C o n v e n t i o n s  

U i t h i n  t h i s  d o c u m e n t ,   t h e   f o l l o w i n g   c o n v e n t i o n s   a r e   f o l l o w e d :  

a .  A l . 1   n u m b e r s   s h a l l   b e   d e c i m a l   ( b a s e   1 0 )   u n l e s s  
o t h e r w i s e   i n d i c a t e d .  

b .   T h e   L e f t m o s t   b i t   i n   a n y   g r o u p   o f   b i t s   s h a l l   b e  
t h e   m o s t   s i g n i f i c a n t   b i t  ( M S B )  a n d   s h a l l   b e  
a s s i g n e d   b i t  number 1 .  The r i g h t m o s t   b i t   i n   a n y  
g r o u p   o f   b i t s  i s  t h e  l e a s t   s i g n i f i c a n t   b i t  ( L S B )  
a n d   s h a l l   b e   a s s i g n e d   b i t  I I N " .  U n l e s s   o t h e r w i s e  
i n d i c a t e d ,   a l l   d a t a   s h a l l   b e   t r a n s f e r r e d  MSB 
f i r s t .  

3 . 2  

3 . 2 . 1  

Data   Management  

T h e  C L L  O r b i t e r   s h a l l   p r o c e s s  t h e  f o l l o u i n g   t y p e s   o f ' d a t a :  

a .   E n g i n e e r i n g  

b .  Memory Read  Out 

c .   L o u - R a t e   S c i e n c e  ( L R S )  

d .   M e d i u m - R a t e   S c i e n c e  (MRS) 

e .  I n t e r m e d i a t e - R a t e   S c i e n c e  ( X R S )  

f .  ~ i g h - R a t e   S c i e n c e  (HRS) 

g .  S - b a n d   B a c k u p   S c i e n c e  ( B U S )  

h .  P l a y b a c k  ( P B )  

E n a i n e e r i n a   D a t a  

E n g i n e e r i n g   d a t a   a r e   t h o s e   m e a s u r e m e n t s   r e q u i r e d   t o   m o n i t o r   t h e  
e x e c u t i n g   s e q u e n c e ,   t h e  s t a t u s  a n d   p e r f o r m a n c e  o f  e n g i n e e r i n g  
s u b s y s t e m s ,   a n d   t h e   s c i e n c e   i n s t r u m e n t   c r i t i c a l   t e m p e r a t u r e s   w i t h o u t  
p r i o r   k n o w l e d g e  o f  p r e v i o u s   s t a t e .   R e d u n d a n t   m e a s u r e m e n t s   f o r  
s e l e c t e d   c r i t i c a l   p a r a m e t e r s   s h a l l  b e  p e r m i t t e d .  
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T h e  p r i o r i t y   i n   s e l e c t i n g   e n g i n e e r i n g   . t e l e m e t r y   m e a s u r e m e n t s   f o r  
i n c l u s i o n   i n  t h e  e n g i n e e r i n g   f r a m e  i s  l i s t e d   b e l o w .  T h i s  o r d e r   o f  
p r i o r i t i e s   s h a l l   b e   u s e d   i n  t h e  a s s i g n m e n t   o f   m e a s u r e m e n t s   t o   t h e  
d o w n l i n k   t e l e m e t r y   f r a m e s .  

a .   M e a s u r e m e n t s   n e c e s s a r y   f o r   f l i g h t   o p e r a t i o n s   o r   s a f e t y ,  
s u c h   a s  S / C  p o i n t i n g ,   f a u l t   i d e n t i f i c a t i o n ,   a n d   s t a t e  
v e c t o r   f o r   s e q u e n c e   v e r i f i c a t i o n .  

1 )  M e a s u r e m e n t s   t h a t   g i v e   p o s i t i v e   i n d i c a t i o n   o f   o n b o a r d  
s t a t u s   a n d   a c t i o n s   ( b o t h   h a r d u e r e   a n d   s o f t w a r e ) .  

2 )   M e a s u r e m e n t s   r e q u i r e d   f o r   s e l e c t i n g   b e t u e e n   a l t e r n a t e  
m o d e s   o f   o p e r a t i o n   o r   r e d u n d a n t   e l e m e n t s .  

b .  M e a s u r e m e n t s   o f   s u b s y s t e m   p a r a m e t e r s   d i r e c t l y  
a f f e c t i n g   s p a c e c r a f t   s y s t e m   p e r f o r m a n c e .  

E .  M e a s u r e m e n t s   n e c e s s a r y   t o   e v a l u a t e  t h e  p e r f o r m a n c e   o f  
s u b s y s t e m s   n o t   p r e v i o u s l y   f l o w n .  

d .   M e a s u r e m e n t s   n e c e s s a r y   t o   e v a l u a t e  the  p e r f o r m a n c e   o f  a 
s u b s y s t e m   p r e v i o u s l y   f l o w n .  

3 . 2 . 2  Memory  Readout  Data 

Memory r e a d o u t   d a t a  i s  the  d a t a   d e r i v e d   f r o m  t h e  m e m o r i e s  o f  t h e  
command  and d a t a   s u b s y s t e m  ( C D S ) ,  a t t i t u d e   a n d   a r t i c u l a t i o n   c o n t r o l  
s u b s y s t e m   ( A A C S ) ,   o r   f r o m  t h e  s c i e n c e   s u b s y s t e m s .  The C D S  memory c a n  
c o n t a i n  7 . 6 8  k b p s  DMS p l a y b a c k   d a t a .  

3 . 2 . 3   L o w - R a t e   S c i e n c e  ( L R S )  D a t a  

L o w - R a t e   S c i e n c e   D a t a   c o n s i s t s  o f  e n g i n e e r i n g ,   a 1 1   f i e l d s   a n d  
p a r t i c l e s ,  U V S ,  E U V ,  a n d  PPR s c i e n c e   i n s t r u m e n t   s e n s o r   d a t a ,  
i n s t r u m e n t   s t a t u s / h o u s e k e e p i n g   d a t a   a n d   s c a n   p l a t f o r m   p o i n t i n g  
v e c t o r s .   C r i t i c a l   i n s t r u m e n t   t e m p e r a t u r e s ,   u s e d   t o   m o n i t o r  t h e  
i n s t r u m e n t   h e a l t h ,   a r e   l o c a t e d   i n   t h e   e n g i n e e r i n g   d a t a   f r a m e .  

3 . 2 . 4  H i a h - R a t e   S c i e n c e  ( H R S )  D a t a  

H i g h - R a t e   S c i e n c e   D a t a   s h a l l   c o n s i s t   o f  L R S ,  a l l   d a t a   p r o d u c e d   b y   t h e  
s o l i d   s t a t e   i m a g i n g  ( S S I ) ,  a n d   t h e   n e a r   i n f r a r e d   m a p p i n g   s p e c t r o m e t e r  
( N l M S )  s u b s y s t e m s   w i t h   t h e   e x c e p t i o n  o f  t h o s e   m e a s u r e m e n t s   i n c l u d e d  
i n  t h e  LRS s t r e a m   f o r   t h e   p u r p o s e   o f   m o n i t o r i n g   t h e   s t a t u s   o f  t h e  S S I  
a n d  N I M S .  The  HRS d a t a   s h a l l   i n c l u d e   t h e   p l a s m a   u a v e   s u b s y s t e m  ( P U S )  
w a v e - f o r m   d a t a   w h i c h   r e p l a c e s  S S I  d a t a ,   i s   i n   a d d i t i o n   t o  t h e  S S I  
d a t a ,   o r   i s   i n   a d d i t i o n   t o   t h e   P l a y b a c k   d a t a .  

3 . 2 . 5   I n t e r m e d i a t e - R a t e   S c i e n c e  ( X R S )  D a t a  

I n t e r m e d i a t e - R a t e   S c i e n c e   d a t a   s h a l l   b e   i d e n t i c a l   t o  the  HRS d a t a  
e x c e p t   t h a t  S S I  o r  P U S  d a t a   s h a l l   b e   i n c o r p o r a t e d   a t  a r e d u c e d   r a t e .  
T h i s   r a t e   r e d u c t i o n   s h a l t   b e   a c h i e v e d   b y   c o m p r e s s i o n  o r  e d i t i n g .  
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M e d i u m - R a t e   S c i e n c e  ( M R S )  D a t a  

3 . 2 . 7  

3 . 2 . 8  

3 . 3  

a 3 . 3 . 1  

3 . 3 . 2  

e 

M e d i u m - R a t e   S c i e n c e   d a t a   s h a l l   c o n s i s t   o f  L R S ,  u i t h   o r   w i t h o u t  N I M S ,  
a n d   e i t h e r   p r o b e   o r   p l a s m a   w a v e   s u b s y s t e m   s e n s o r   d a t a .  

S - b a n d   B a c k - u D   S c i e n c e  ( B U S )  D a t a  

The S - b a n d   B a c k - u p   S c i e n c e   d a t a   s h e l l   i n c l u d e   p l a y b a c k   o p t i o n s   a n d  
o t h e r   t o   b e   s e l e c t e d   s c i e n c e   m o d e s   f o r   u s e   i n  t h e  e v e n t   o f  a, L o s s  o f  
X - b a n d   d o w n l i n k .  

P l a y b a c k  ( P B )  D a t a  

P l a y b a c k   d a t a   s h a l l   c o n s i s t   o f  LRS d a t a  w i t h  o r  w i t h o u t  N I M S  d a t a   u i t h  
or  w i t h o u t  P U S  d a t a   a n d   t a p e   r e c o r d e r  P B  d a t a   w h i c h  i s  a s y n c h r o n o u s l y  
e m b e d d e d   i n  a r e a l - t i m e   d a t a   s t r e a m .  

D a t a   A c a u i s i t i o n  

A l l  . d a t a   g e n e r a t e d   b y   e n g i n e e r i n g   o r   s c i e n c e   s u b s y s t e m s   s h a l l   b e  
i n i t i a l l y   r o u t e d   t o  t h e  CDS f o r   c o n d i t i o n i n g   a n d   p r o c e s s i n g   b e f o r e  
b e i n g   s e n t   t o  the  S h u t t l e   O r ' b i t e r   a n d  t h e  I U S ,  t h e  
m o d u l a t i o n / d e m o d u l a t i o n   s u b s y s t e m  ( M D S )  t e l e m e t r y   m o d u l a t i o n   u n i t  
( T M U ) ,  a n d / o r   t h e   d a t a   m e m o r y   s u b s y s t e m  ( D M S ) .  

A n a l o q   E n q i n e e r i n s   M e a s u r e m e n t   R e s o l u t i o n  

E a c h   t e m p e r a t u r e   a n d  ( 0 - 3  v o l t )   a n a l o g   e n g i n e e r i n g   m e a s u r e m e n t  
c o n v e r t e d   t o  a d i g i t a l  number   w , i th in  the  C D S  s h a l l   r e s u l t   i n   a n   8 - b i t  
w o r d   u i t h  a d a t a   n u m b e r  ( D N )  r a n g i n g   f r o m  0 t o   2 5 5 .   T h e r e f o r e ,   e a c h  
m e a s u r e m e n t   d i g i t i z e d   b y  t h e  C D S  s h a l l   h a v e  a maximum r e s o l u t i o n   o f  
1 / 2 5 6   ( 0 . 3 9 % ) .  

Analorr E n s i n e e r i n q   M e a s u r e m e n t   A c c u r a c v  

T h e   a c c u r a c y   w i t h   w h i c h  the  CDS s h a l l   c o n v e r t   e a c h   t e m p e r a t u r e   a n d  
( 0 - 3   v o l t )   a n a l o g   e n g i n e e r i n g   m e a s u r e m e n t   i n t o   a n   8 - b i t   d i g i t a l  
n u m b e r   s h a l l   b e  a s  s p e c i f i e d   b e l o w :  

8 ', 

b .  

C .  

d .  

S t a n d a r d   R a n g e   T e m p e r a t u r e   M e a s u r e m e n t  ( - 7 8  d e g .  c t o  
+ l o 0   d e g .  C ) :  - + 3 %  ( o f   f u l l   s c a l e )  t 1 / 2  D N  

E l e c t r o s t a t i c   D i s c h a r g e   P r o t e c t e d   T e m p e r a t u r e  
M e a s u r e m e n t   ( - 1 0 2   d e g .  C t o   + 7 4   d e g .  C ) :  

- + 4 %   ( o f   f u l l   s c a l e )  2 1 / 2  D N  

O t h e r   T e m p e r a t u r e   M e a s u r e m e n t s   ( s p e c i a l   r a n g e s ) :  - + 5 %  ( o f   f u l l   s c a l e )  = 1 / 2  D N  

O t h e r   A n a t o g   M e a s u r e m e n t s :  - + 1 %  ( o f  f u l l   s c a l e )  = 1 / 2  D N  

17 



GLL-3-280 Rev. D 

3 . 4  

3 . 4 . 1  

3 . 4 . 2  

D a t a   T r a n s m i s s i o R  

The G L L  O r b i t e r   s h a l l  b e  c a p a b l e   o f   d a t a   t r a n s m i s s i o n   u n d e r   o n e   o r  
more o f  t h e  f o l l o w i n g   b a s i c   n o d e s :  

a .  

b .  

C .  

d .  

e .  

f .  

To t h e  S h u t t l e   O r b i t e r   ( v i a   I U S )   f o r   d o w n l i n k   b y  
the  S h u t t l e   O r b i t e r .  

To t h e  I U S  f o r   d o w n l i n k   b y  t h e  S h u t t l e   O r b i t e r  
( w i t h   c o n c a t e n a t e d   S h u t t l e   O r b i t e r   a n d  IUS d a t a ) .  

To the  I U S  f o r   d o w n l i n k   b y  t h e  IUS ( w i t h  
c o n c a t e n a t e d  IUS d a t a ) .  

To the T r a c k i n g   D a t a   R e l a y   S a t e l l i t e   ( T O R S ) .  

V i a  a l o w - r a t e   c h a n n e l   o v e r   S - b a n d .  

V i a  a h i g h - r a t e   c h a n n e l   o v e r  S o r   X - b a n d .  

STS A t t a c h e d   P h a s e  

T h e  G L L  O r b i t e r   d a t a   s h a l l   b e   p r o v i d e d   v i a  a h a r d l i n e  t o  b o t h :  ( 1 )  
t h e  I U S  a t  1 . 2  k b / s   f o r   i n c l u s i o n   i n  t h e  I U S / S h u t t l e   O r b i t e r  
d a t a   s t r e a m   a n d  ( 2 )  t h e  S h u t t l e   O r b i t e r   a t  1 . 2  k b / s .  The S / C  d a t a  
s t r e a m   s h a l l   b e   f r o m   t h e  CDS a n d   s h a l l   n o t   b e   c o n v o l u t i o n a l l y   c o d e d .  
T h e  C D S  s h a l l   e n a b l e / i n h i b i t  the  s e r i a l   t e l e m e t r y   t o   t h e  I U S  and  
S h u t t l e   O r b i t e r   b a s e d   o n  the  l o g i c a l   s t a t e   o f   o n e   o f  t h e  d e s p u n  
b i l e v e l   i n p u t s .  See T a b l e  A 2 . 2 . 9 .  

STS D e t a c h e d   P h a s e  

3 . 4 . 2 . 1  D a t a   T h r o u s h  S / C  D i r e c t   t o  T D R S .  D u r i n g   t h i s   p h a s e ,   t h e  C L L  O r b i t e r  
s h a l l   t r a n s m i t  G L L  O r b i t e r   d a t a   t o  t h e  T D R S  a t  1 2 0 0  b / s  f o r  r e l a y   t o  
e a r t h .   T h i s   t r a n s m i s s i o n   s h a l l   b e   c o n v o l u t i o n a l l y   c o d e d   ( r a t e  = 1 / 2 ,  
c o n s t r a i n t   l e n g t h  = 7; 2 4 0 0  s y m b o l s   p e r   s e c o n d )   w i t h   n o   s u b c a r r i e r .  

3 . 4 . 2 . 2  D a t a   T h r o u g h  I U S .  D u r i n g  t h i s  p h a s e  t h e  G L L  O r b i t e r   s h a l l   s e n d  
G L L  O r b i t e r   d a t a   a t  1 2 0 0  b / s   t o  t h e  I U S  f o r   t r a n s m i s s i o n   t o  t h e  
e a r t h .   T h i s   t r a n s m i s s i o n   s h a l l  b e  u n c o d e d .  

3 . 4 . 3  L o w - R a t e   C h a n n e l  

T h e   l o w - r a t e   c h a n n e l  ( 4 0  b / s   o n l y )   s h a l l   f u n c t i o n   o n   S - b a n d   o n l y   a n d  
s h a l l   c o n t a i n   r e a l - t i m e   l o w - r a t e   e n g i n e e r i n g   d a t a   e x c l u s i v e l y .  ~t 
s h a l l   b e   p o s s i b l e  t o  r e m o v e   l o w - r a t e   c h a n n e l   t e l e m e t r y   m o d u l a t i o n  
f r o m  t h e  d o w n l i n k   b y  CDS command t o  the  MDS. T h e  L o u - r a t e   c h a n n e l  
r h a l l   b e   u n c o d e d .  I t  s h a 1 . l   b e   p o s s i b l e  t o  t r a n s m i t   l o u - r a t e  
e n g i n e e r i n g   s i m u l t a n e o u s l y   w i t h  any o t h e r   d a t a   o n   t h e   h i g h - r a t e  
c h a n n e l   p r o v i d e d  the l o w - r a t e   c h a n n e l   i s   t r a n s m i t t e d   o n  t h e  S - b a n d  
d o w n l i n k   a n d   t h e   h i g h - r a t e   c h a n n e l   o n   t h e   X - b a n d   d o u n l i n k .  
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3 . 4 . 4  H i q h - R a t e   C h a n n e l  

The h i g h - r a t e   c h a n n e l   s h a l l   b e   t h e   p r i m a r y  mode o f   d a t a   t r a n s m i s s i o n  
d u r i n g  t h e  m i s s i o n .  T h i s  c h a n n e l  may c o n t a i n   a n y  o f  t h e   f o l l o w i n g  
t y p e s   o f   d a t a   a f t e r  t h e  c o m p l e t i o n   o f   l a u n c h   o p e r a t i o n s :  
a .   L o u - R a t e   S c i e n c e  ( L R S ) .  

b .   H e d i u m - R a t e   S c i e n c e  ( H R S )  u h i c h   i n c l u d e s  L R S ,   N I W S  
a n d   e i t h e r  P R B  o r  P U S  d a t a .  

c .   I n t e r m e d i a t e - R a t e   S c i e n c e  ( X R S )  u h i c h   i n c l u d e s  L R S ,  
N I W S ,  and  S S I  o r  PUS d a t a .  

d .   H i g h - R a t e   S c i e n c e  ( H R S )  u h i c h   i n c l u d e s  L R S ,  N I M S ,  and  
e i t h e r  S S I  o r  P U S  d a t a .  

e .  LRS w i t h  o r   u i t h o u t  NIWS w i t h   e m b e d d e d  S / C  t a p e  
r e c o r d e d   p l a y b a c k   d a t a .  

f .  1 0  b / s   E n g i n e e r i n g .  

g .  1 2 0 0  b / s   E n g i n e e r i n g .  

h .  S - b a n d   B a c k - u p   S c i e n c e  ( B U S )  

3 . 5  

i .   E n g i n e e r i n g   d a t a   t o  TORS ( p a r a g r a p h   3 . 4 . 2 . 1 )   ( n o   s u b c a r r i e r ) .  

j .  4 0  b / s   E n g i n e e r i n g .  

I t  s h a l l   b e   p o s s i b l e  t o  r e m o v e   h i g h - r a t e   c h a n n e l   t e l e m e t r y   m o d u l a t i o n  
f r o m  t h e  d o u n l i n k   b y  CDS command t o  the H D S .  T h e   t e l e m e t r y   r a t e s   a n d  
m o d e s   a v a i l a b l e  on t h e  h i g h   r a t e   c h a n n e l   s h a l l   b e  a s  s p e c i f i e d   i n  
p a r a g r a p h   3 . 8   h e r e i n .  

A l l   d a t a   o n   t h e   h i g h - r a t e   c h a n n e l   s h a l l   e m p l o y  a c o n s t r a i n t   l e n g t h  = 
7 ,  r a t e  = 1 / 2  c o n v o l u t i o n a l   c o d e   a n d   t h e   c h a n n e l   s h a l l   o p e r a t e   o n  
e i t h e r  S -  o r   X - b a n d .   T r a n s i t i o n   d e n s i t y   r e q u i r e m e n t s   s h a l l   b e   m e t   i n  
o r d e r   t o   p e r m i t   G r o u n d   d e c o d i n g  a s  s p e c i f i e d   i n   G L L - 3 - 3 0 0 ,  
T e l e c o m m u n i c a t i o n s   a n d   G L L - 3 - 1 0 0 ,   R e q u i r e m e n t s   a n d   C o n s t r a i n t s .  

D a t a   P r o c e s s i n g  

T h e  C L L  O r b i t e r   c o n t a i n s  a n u m b e r   o f   o n - b o a r d   c o m p u t e r s ,   p e r i p h e r a l  
p r o c e s s o r s   a n d   a n a l o g   o r   d i g i t a l   i n t e r f a c e s .   C o l l e c t i v e l y   t h e s e  
c o m p u t e r s ,   p r o c e s s o r s ,   a n d   i n t e r f a c e s   s h a l l   b e   d e f i n e d   a s   t h e  G L L  
O r b i t e r   d a t a   s y s t e m .   E a c h  of  t h e   o n - b o a r d   p r o c e s s o r s   s h a l l   b e  
a s s i g n e d   d e d i c a t e d   f u n c t i o n s   d e s c r i b e d   i n   t h e   f o l l o w i n g   p a r a g r a p h s  
a n d  i n  G L L - 3 - 3 1 0 ,   S o f t u a r e   R e q u i r e m e n t s .  
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3 . 5 . 1  S c i e n c e   S u b s y s t e m   P r o c e s s o r   T e l e m e t r y   F u n c t i o n s  

E x c e p t   f o r   s e l e c t e d   s u b s y s t e m   t e m p e r a t u r e   m e a s u r e m e n t s   p r o c e s s e d  b y  
t h e  C D S ,  e a c h   s c i e n c e   s u b s y s t e m   s h a l l   b e   r e s p o n s i b l e   f o r  i t s  d a t a  
c o \ l e c t i o n ,   a n a l o g  t o  d i g i t a l  ( A / D )  c o n v e r s i o n ,   p r o c e s s i n g ,  
f o r m a t t i n g ,   a n d   b u f f e r i n g .  The i n s t r u m e n t   d a t a   s h a l l   b e   o u t p u t   u n d e r  
c o n t r o l   o f  t h e  C D S .  
G e n e r a l   s c i e n c e   s u b s y s t e m   t e l e m e t r y   d a t a   r e q u i r e m e n t s   s h a l l   i n c l u d e  
t h e  f o l l o w i n g   i t e m s :  

a .  A l l  s t a t u s / h o u s e k e e p i n g . d a t a  n e e d e d  t o  m o n i t o r  t h e  
s u b s y s t e m   s t a t u s   a n d   s e q u e n c e   p e r f o r m a n c e   i n   r e a l -  
t i m e   s h a l l   b e   p l a c e d   a t  t h e  s t a r t   o f  t h e  s u b s y s t e m ' s  
b i t   a l l o c a t i o n   i n   e a c h   t e l e m e t r y   f r a m e   a n d   s h a l l   h a v e  
8 d e t e r m i n i s t i c   r e l a t i o n s h i p   t o  the  s p a c e c r a f t   c l o c k .  

b .   S c i e n c e   s e n s o r   d a t a  s h a l l   b e   o u t p u t  i n   a t   l e a s t   o n e  
k n o w n   f o r m a t   w i t h i n  t h e  i n s t r u m e n t s  b i t   a l l o c a t i o n .  

c .  T h e  l o w   r a t e   s c i e n c e   d a t a   f r a m e   s h a l l   i n c l u d e   s t a t u s  
i n f o r m a t i o n   f o r   a l l   s c i e n c e   i n s t r u m e n t s   ( i n c l u d i n g  
t h e  h i g h   r a t e   s c i e n c e   f n s t r u m e n t s   w h o s e   d a t a   n a y   n o t  
e x i s t   i n  t h e  l o w   r a t e   s c i e n c e   f r a m e ) .  

d .   E a c h   s c i e n c e   i n s t r u m e n t   s h a l l   o u t p u t   s u f f i c i e n t  
s t a t u s / h o u s e k e e p i n g   t o   d e t e r m i n e   a 1 1   c r i t i c a l   a n d / o r  
c o n t r o l l a b l e   i n s t r u m e n t   p e r f o r m a n c e   s t a t e s   o r  
p a r a m e t e r s   ( i n c l u d i n g   m o d e ,  memory   checksums ,  
p r o c e s s o r   s e l f - t e s t   r e s u l t s ,   c o u n t e r s   f o r  commands 
a c c e p t e d ,   b u s   p a r i t y   e r r o r s   d e t e c t e d ,   r e j e c t e d  
c o m m a n d s ,   e n t r i e s   t o   f a u l t   r o u t i n e s ,   l a s t  command 
r e c e i v e d ,   t i m e   o f   l a s t   s y n c   d i s c r e p a n c y ,   v o l t a g e s ,  
c u r r e n t s ,   p o w e r   o n   r e s e t ) .  A l l  s t a t u s   v a l u e s   s h a l l  
r e p r e s e n t   a n   a b s o l u t e   v a l u e   ( r a t h e r   t h a n   c h a n g e ) .  

A l l  mode i d e n t i f i c a t i o n   s t a t u s   r h a l l   p r e c e d e  or  b e  
c o n c u r r e n t   w i t h  the  o u t p u t   o f  the  s e n s o r   d a t a   t o  
w h i c h   i t   r e f e r s .  

e .  I n s t r u m e n t   d a t 8   t a k i n g   c y c l e s   s h a l l   b e   g o v e r n e d   b y  
a n d   s y n c h r o n o u s  t o  t h e   f o l l o w i n g   e q u a t i o n :  

w h e r e :  
t s  = S c i e n c e   i n s t r u m e n t   c y c l e   t i m e  

t i  - I m a g i n g  ( S S l ' )  p i c t u r e   f r a m e   t i m e  ( 6 0 - 2 / 3  
s e c o n d a )  

n = I ,  2 ,  3 .....' ..... n 
m - 1 ,  2 ,  3 ,  4 ,  5 
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f .  A l l  i n s t r u m e n t   d a t a  mode c h a n g e s  s h a l l  o c c u r   u h e n   t h e  
d o w n l i n k   s p e c e c r a f t   c l o c k  M O D  91 i s  0 ,  1 3 ,  2 6 ,  3 9 ,  
5 2 ,   6 5 ,   o r  78  and t h e  M O D 1 0 ,  and M O D 8  a r e   b o t h   z e r o .  
T h e   d a t a   c o n t a i n e d   w i t h i n  t h e  i n s t r u m e n t   d o w n l i n k  
a l l o c a t i o n   s h a l l   b e   v a l i d   f o r  t h e  n e u   m o d e   b e g i n n i n g  
c o n c u r r e n t l y  w i t h  t h e   c h a n g e   t o  the  new mode.  

A A C S  P r o c e s s o r   T e l e m e t r y   F u n c t i o n s  

E x c e p t   f o r   s e l e c t e d   s u b s y s t e m   t e m p e r a t u r e   m e a s u r e m e n t s   p r o c e s s e d   b y  
t h e  C D S ,  the  AACS s h a l l   b e   r e s p o n s i b l e   f o r   i t s   d a t a   c o l l e c t i o n ,  A / D  
c o n v e r s i o n ,   p r o c e s s i n g ,   f o r m a t t i n g   a n d   b u f f e r i n g .   T h e  A A C S  d a t a  
s h a l l   b e   o u t p u t   u n d e r   c o n t r o l   o f  the  CDS f r o m  a b u f f e r   a r e a   i n  A A C S  
memory. The d a t a   i n   t h i s   b u f f e r   w i l l   b e   u p d a t e d   o n c e   e a c h   m i n o r  
f r a m e   ( 2 / 3   s e c o n d s )   d u r i n g  R T I  0 .  T h e   d a t a   c o n t a i n e d   i n  t h e  b u f f e r  
w i l l   i n c l u d e  L o u   R a t e   S c i e n c e  ( L R S )  t e l e m e t r y ,   f i x e d   t e l e m e t r y ,   a n d  
v a r i e b l e   p a c k e t   t e l e m e t r y .  T h e  LRS d a t a   , s h a l l   c o n s i s t   o f   t h e   r o t o r  
a n d   p l a t f o r m   p o i n t i n g   v e c t o r s   i n   E a r t h  Mean E q u a t o r  1 9 5 0 . 0  
c o o r d i n a t e s ,   r o t o r   s p i n   p o s i t i o n   a n g l e   i n   E c l i p t i c  1 9 5 0 . 0  
c o o r d i n a t e s ,   c o n e   a n d   c l o c k   p o s i t i o n   i n   s p a c e c r a f t   r e l a t i v e  
c o o r d i n a t e s ,  the r o t o r   s p i n   r a t e ,   a n d   p l a t f o r m   c o n e   a n d   c r o s s   c o n e  
r a t e s .  The LRS d a t a   s h a l l   b e   p r e d i c t e d   a h e a d   t o   t h e   c , o r r e c t   v a l u e  
f o r  R T I  0 .  

3 . 5 . 3  CDS P r o c e s s o r   T e l e m e t r y   F u n c t i o n s  

3 . 5 . 3 . 1   G e n e r a l .  T h e  CDS s h a l l   b e   r e s p o n s i b l e   f o r  t h e  A / D  c o n v e r s i o n  o f  a l l  
a n a l o g   m e a s u r e m e n t s ,   s a m p l i n g   d i g i t a l   a n d   b i - l e v e l   m e a s u r e m e n t s  
a t t a c h e d   t o   t h e  C D S ;  c o l l e c t i o n ,   c o n v e r s i o n ,   b u f f e r i n g ,   f o r m a t t i n g  
CDS t e l e m e t r y   d a t e ;   s o u r c e   e r r o r   p r o t e c t i o n   ( t o l a y   c o d i n g ) ;  
c o l l e c t i n g   a n d   f o r m a t t i n g   o t h e r   s u b s y s t e m   d a t a   i n t o   t e l e m e t r y   f r a m e s  
f o r   t r a n s m i s s i o n   t o  t h e  DUS a n d / o r   t o   e a r t h  a s  s p e c i f i e d   i n   p a r a g r a p h  
3 . 8 .  

The C D S  s h a l l   o u t p u t   s u f f i c i e n t ' i n f o r m a t i o n   s u c h   t h a t   d e t a i l e d   b i t -  
l e v e l   g r o u n d   s i m u l a t i o n   o f   o n - b o a r d   e v e n t s   a r e   n o t   r e q u i r e d   f o r  
s p a c e c r a f t   s e q u e n c i n g   o r   g r o u n d   a n a l y s i s   o f   o n - b o a r d   a c t i v i t y .  

3 . 5 . 3 . 2  Command A c c o u n t a b i l i t y .  T h e  f o l l o w i n g   r e q u i r e m e n t s   s h a l l   a p p l y   t o  
command t r a n s m i s s i o n   b o t h   f r o m  the  g r o u n d   t o  t h e  O r b i t e r   ( U p l i n k )   a n d  
f r o m  t h e  CDS t o  t h e  o t h e r   s u b s y s t e m s   ( O n b o a r d ) .  

3 . 5 . 3 . 2 . 1   U p l i n k  command a c c o u n t a b i l i t y  

a )  T h e  f o l l o w i n g   i n f o r m a t i o n   a b o u t   t h e   l a s t   m e s s a g e  
r e c e i v e d   a t  the  CDS s h a l l   b e   i n s e r t e d   i n t o   t h e  
d o u n l i n k   a t   l e a s t   o n c e   e v e r y   6 0   2 / 3   s e c o n d s :  

1 .  M e s s a g e   n u m b e r .  
2 .  M e s s a g e   t y p e .  
3 .  Number of  f r a m e s   i n   m e s s a g e .  
4 .  P r e s e n c e   o r   a b s e n c e   o f   s t a r t   w o r d   e r r o r .  
5 .  a c c e p t a n c e   o r   r e j e c t i o n   o f   m e s s a g e .  
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I n   O r b i t e r   s y s t e m  t e s t ,  a n   e c h o   o f   e a c h   u p l i n k .  
command b i t   s h a l l   b e   s e n t   f r o m  t h e  CDS t o  t h e  C D S  
s u p p o r t   e q u i p m e n t .  

S e p a r a t e   8 - b i t   c o u n t e r s   f o r   e a c h   f u n c t i o n  
d e s c r i b e d   b e l o w   s h a l l   b e   d o w n l i n k e d  a t  l e a s t   o n c e  
e v e r y  6 0  2 / 3   s e c o n d s :  

1 .  U p l i n k   m e s s a g e s   r e c e i v e d   a n d   a c c e p t e d  ( 1  

2 .  U p l i n k   m e s s a g e s   r e c e i v e d   a n d   r e j e c t e d .  
3 .  Command f r a m e s   d e t e c t e d   i n   e r r o r .  
I .  D a t a   f r a m e s   c o r r e c t e d .  
5 .  U n c o r r e c t a b l e   d a t a   f r a m e s .  
6 .  D A C  r e j e c t e d   b e c r u s e   o f   e l a p s e d   t i m e .  
7 .  D A C  r e j e c t e d   b e c a u s e   o f   i n v a l i d   m e s s a g e  

8 .  D A C  r e j e c t e d   b e c a u s e   o f   o c c u p i e d   b u f f e r   s l a t .  
9 .  C D U  l o c k   c h a n g e s .  

T h e  a c t i v e / i n a c t i v e   s t a t u s   o f   e a c h  D A C  b u f f e r  
s l o t   s h a l l   b e   i n d i c a t e d   i n  the d o w n l i n k   a t   l e a s t  
o n c e   e v e r y  6 0  2 / 3   s e c o n d s .  

The m o s t   r e c e n t l y   c o m m a n d e d   s t a t e  of CDS c r i t i c a l  
c ' o n t r o l l e r   r e g i s t e r s   a n d   c r i t i c a l   e n a b l e   r e l a y s  
s h a l l   b e   p l a c e d   i n  t h e  d o w n l i n k   a t   l e a s t   o n c e  
e v e r y  6 0  2 / 3   s e c o n d s .  

A l i s t   o f   m e s s a g e s   f o u n d   m i s s i n g   b y  t h e  CDS f r o m  
t h e  l a s t   m e s s a g e   s e q u e n c e   s h a l l   b e   d o w n l i n k e d   a t  
l e a s t   o n c e   e v e r y  6 0  2 / 3   s e c o n d s ,   o r   u p o n   r e c e i p t  
o f  t h e  t e r m i n a t o r   m e s s a g e   o f  t h e  m e s s a g e  
s e q u e n c e .  

c o u n t e r   f o r   e a c h   m e s s a g e   t y p e ) .  

number .  

3 . 5 . 3 . 2 . 2   O r b i t e r   ( O n b o a r d )  command a c c o u n t a b i l i t y   s h a l l   c o n s i s t   o f :  

1 )  P e r i o d i c   r e a d o u t   c o u n t e r s   f o r   e a c h   o f  the  f o l l o w i n g :  

a )  Number o f   c o m m a n d s   i s s u e d   f r o m   s t o r e d  CDS 
s e q u e n c e s  

b )  Number o f   R e a l   T i m e  Commands 
c )  Number o f   c o m m a n d s   r e s u l t i n g   f r o m   i n t e r a c t i v e  

r e q u e s t s   f r o m   o t h e r   O r b i t e r   s u b s y s t e m s   ( i . e . ,  
e r r o r   c o r r e c t i o n   r o u t i n e s   a n d   a l a r m s )  

d )  Number o f   p o w e r   c o d e   c o m m a n d s .  
e )  H e a r t   b e a t  

N O T E :  c o u n t e r s   m u s t   c o u n t   c o m m a n d s   a s   t h e y   a r e  
i s s u e d   b y  the  CDS 

2 )   I d e n t i f i c a t i o n   o f   e x e c u t i n g   s e q u e n c e   e l e m e n t s .  
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3 )  B u f f e r   f o r   d o w n l i n k   t r a n s m i s s i o n   o f  t h e  l a t e s t  16  
commands d i s t r i b u t e d   c o n s i s t i n g   o f  CCs, DCs, P C s ,  
a n d   t h e   f i r s t   f o u r   b y t e s   o f  B C S  i s s u e d   t o   a n o t h e r  
s u b s y s t e m .   P r e p a r e d   c o m m a n d s ,   s p a c e c r a f t  t ime 
a n d   s e c t o r   d a t a   c o m m a n d s   s h a l l   n o t   b e   b u f f e r e d .  
Command a c t i v i t y   w h i c h   e x c e e d s  t h e  b u f f e r i n g  
c a p a b i l i t y   s h a l l   o v e r w r i t e   t h e   o l d e s t  
n o n t r a n s m i t t e d   c o m m a n d .  

E r r o r   r o u t i n e   c o m m a n d s   s h a l l   b e   i n c l u d e d   i n   t h e  
1 6   b u f f e r   a n d   s h a l l   b e - g i v e n   p r i o r i t y   o v e r  t h e  
o t h e r   c o m m a n d s .   T h e r e  i s  n o   r e q u i r e m e n t   t o  
s p e c i a l l y   f o r m a t   o r   a d d   f i l l   f o r  C C  o r  D C  
c o m m a n d s .   H o w e v e r ,   t o   e n s u r e   t h a t   c o m m a n d s   a r e  
n o t   w r i t t e n   b e f o r e   d o w n l i n k i n g ,  a l o c k o u t  
f u n c t i o n   s h a l l   b e   i m p l e m e n t e d   w h e n   r e a d i n g   o u t  a 
command.  Commands  from t h e  a c t i v e   o r   p r i m a r y  H L M  
s h a l l   b e   i n p u t   t o  the  16 command b u f f e r  
u n l e s s  a c r i t i c a l   s e q u e n c e  i s  b e i n g   e x e c u t e d   f r o m  
b o t h  HLWs, i n   w h i c h   c a s e   c o m m a n d s   f r o m   b o t h  HLMs 
s h o u l d   b e   i n p u t   t o  t h e  b u f f e r .  

Data   Forms  

D a t a   s h a l l   b e   p r e s e n t e d   t o  t h e  CDS i n   e i t h e r   a n a l o g   o r   d i g i t a l   f o r m .  
D i g i t a l   d a t a  may c o n s i s t   o f   d i s c r e t e   e v e n t   p u l s e s ,   b i - l e v e l s ,   o r  
s e r i a l   W o n - R e t u r n   t o   Z e r o  ( N R Z )  d a t a ;   e x c e p t   f o r   d a t a   p r o v i d e d   t o   t h e  
CDS o v e r   t h e   d a t a   b u s   w h i c h   s h a l l   b e   s e r i a l   R e t u r n   t o   Z e r o  ( R Z ) ,  and 
d a t a   s e n t   t o  t h e  CDS f r o m  t h e  P U S  and S S I  v i a   t h e  h i g h  s p e e d  
i n t e r f a c e s   w h e r e   t h e   s e r i a l   s t r e a m  i s  s p l i t   b e t w e e n   t w o   l i n e s  w i t h  
d a t a   a p p e a r i n g   i n  R Z  f o r m a t   o n   e a c h .   A n a l o g   d a t a   s h a l l   c o n s i s t  o f  
v a r i a b l e   v o l t a g e s .  A l l  a n a l o g   e n g i n e e r i n g   d a t a   s h a l l  b e  c o n s i s t e n t  
w i t h   t h e   r a n g e s   s p e c i f i e d   i n   p a r a g r a p h   3 . 3   f o r  t h e  a p p r o p r i a t e  
t r a n s d u c e r .   D a t a   p r e s e n t e d   t o   t h e  WDS o r  DWS s h a l l   b e   i n   t h e   f o r m   o f  
s e r i a l  N R Z  d a t a ,  WSB f i r s t .  

D a t a   p r e s e n t e d   t o   t h e  CDS a s  a n a l o g   v o l t a g e s   s h a l l   b e   c o n v e r t e d   t o  8 -  
b i t   d i g i t a l   w o r d s   w i t h   t e a d i n g   z e r o s   w h e r e  t h e  d a t a   d o e s   n o t   f i l l   a l l  
8 b i t s .  

A l l  s t a t u s   d a t a   s h a l l   r e p r e s e n t   a b s o l u t e   v a l u e   ( r a t h e r   t h a n   c h a n g e   t o  
p r e v i o u s   v a l u e ) .  

3 . 6   S o u r c e   E r r o r   P r o t e c t i o n   C o d i n g  

T h e  CDS s h a l l   p r o v i d e  t h e  c a p a b i l i t y  t o  c o d e   p o r t i o n s   o f   t h e  L R S  d a t a  
a n d   t h e   P r Q b e   d a t a   t r a n s m i t t e d   o n   t h e   h i g h - r a t e   c h a n n e l   u s i n g  a G o l a y  
( 2 4 ,  1 2 )  c o d e   i n t e r l e a v e d   t o   d e p t h  3 6 .  T h i s  i n t e r l e a v i n g   s c h e m e  
s h a l l  b e  as d e f i n e d   i n   p a r a g r a p h  3 . 6 . 3 .  LRS s h a l l   b e   G o l a y   c o d e d  
e x c e p t   f o r  UVS a n d   e n g i n e e r i n g   d a t a .  HRS d a t a   s h a l l   n o t   b e  G o l a y  
c o d e d .  
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G o l a v   C o d i n q   F u n c t i o n  

T h e  G o l a y   c o d e ,   t o g e t h e r  w i t h  a K=7, R = 1 / 2   c o n v o l u t i o n a l   c o d e ,  i s  
e m p l o y e d   t o   c o n s t r u c t  a c o n c a t e n a t e d   h i g h - r a t e   d a t a   c h a n n e l   u h i c h  
s i m u l t a n e o u s l y   s a t i s f i e s   t w o   d i f f e r e n t   s c i e n c e   d a t a   b i t   e r r o r   r a t e  
r e q u i r e m e n t s .   S e l e c t e d   s c i e n c e   d a t a  i s  G o l a y   c o d e d   p r i o r   t o   b e i n g  
t ime  m u l t i p l e x e d   w i t h   n o n - G o l a y   c o d e d   i m a g i n g ,  N I H S ,  o r  P U S  d a t a   n o t  
i n  the  LRS f r a m e .  T h e  p e r f o r m a n c e   o f  t h e  c o d e  i s  s u c h   t h a t ,   a f t e r  
b e i n g   d e c o d e d ,   c e r t a i n   p o r t i o n s   o f  the  LRS d a t a   w i l l   b e   d e l i v e r e d   t o  
t h e  u s e r s   w i t h  a b i t   e r r o r   r a t e   o f  5 5 x l o - *  e v e n   t h o u g h   t h e   o v e r a l l  
h i g h   r a t e   c h a n n e l   i s   o p e r a t e d   a t  a b i t   e r r o r   r a t e   o f  5 5 x 1 0  . 

C o d e   O p e r a t i o n  

- 3  

T h e  G o l a y   ( 2 4 ,   1 2 )   c o d e   t r a n s f o r m s  a s e t  o f   1 2   d a t a   b i t s   i n t o  a G o l e y  
c o d e   w o r d   c o m p r i s e d   o f   2 4   b i n a r y   c o d e   s y m b o l s .  T h e  f i r s t   1 2   s y m b o l s  
o f  a G o l a y   c o d e   w o r d   a r e   i d e n t i c a l   t o  the  1 2   o r i g i n a l   d e t a   b i t s  
w h e r e a s  the  l a s t   1 2   s y m b o l s   o f  t h e  G o l a y   c o d e   w o r d   a r e  a l i n e a r  
f u n c t i o n   o f  the  1 2   d a t a   b i t s .  The c o d e   h a s  t h e  p r o p e r t y   t h a t   a n y  
c o m b i n a t i o n  o f  5 3 s y m b o l   e r r o r s   i n  a G o l a y  c o d e   w o r d   c a n   b e   e x a c t l y  
c o r r e c t e d   a n d  the  o c c u r r e n c e  of e x a c t l y  4 s y m b o l   e r r o r s   c a n  b e  
u n e q u i v o c a l l y   d e t e c t e d .   [ I f  * 4 s y m b o l   e r r o r s   o c c u r   i n  a r e c e i v e d  
G o l a y   c o d e   w o r d ,  t h e  d e c o d i n g   p r o c e s s e s   w i l l ,   i n   g e n e r a l ,   p r o d u c e  
a d d i t i o n a l   b i t   e r r o r s ] .  

I n t e r l e a v i n 9  D e D t h  

T h e  h i g h - r a t e   c h a n n e l   d e s i g n   e m p l o y s  a c o n v o l u t i o n a l   c o d e   u h i c h  i s  
c o n c a t e n a t e d   w i t h  t h e  G o l a y   c o d e .  T h e  c h a r a c t e r i s t i c   o f  t h e  
c o n v o l u t i o n a l   d e c o d i n g   p r o c e s s   i s   t h a t   e r r o r s   i n   t h e   h i g h - r a t e  
c h a n n e l   s t r e a m   t e n d  t o  o c c u r   i n   b u r s t s .  For t h i s   r e a s o n ,   b l o c k s   o f  
G o l a y   w o r d s  ( 3 6  w o r d s   p e r   b l o c k )   a r e   i n t e r l e a v e d   o n  a b i t - b y - b i t  
b a s i s  t o  p r o v i d e   i n c r e a s e d   p r o t e c t i o n   a g a i n s t   t h e s e   b u r s t   e r r o r s .  
T h e  i n t e r l e a v i n g   p r o c e s s   i s   s h o w n   i n   F i g u r e  2 .  Note t h o t   d e s p i t e  the  
i n t e r l e a v i n g   p r o c e s s ,  t h e  f i r s t  4 3 2  s y m b o l s  of t h e  G o l a y   c o d e   b l o c k  
a r e  i d e n t i c a l  t o  t h e   o r i g i n a l  4 3 2  d a t a   b i t s .  T h e  n e t   e f f e c t   o f   t h i s  
i n t e r l e a v i n g   p r o c e s s   ( r e f e r e n c e d  t o  a s  U i n t t r l e a v i n g   t o   d e p t h   3 6 " )  i s  
t h a t  t h e  l e n g t h   o f   b u r s t   e r r o r   m u s t  be g r e a t e r   t h a n   1 0 8   b i t s   b e f o r e  
t h e  e r r o r   c o r r e c t i o n   p r o p e r t i e s   o f  the  G o l a y   c o d e   a r e   e x c e e d e d .  

p a t a  S t o r a g e  

D a t a   s t o r a g e  (DMS) s h a l l  be p r o v i d e d   b y  a s i n g l e   d i g i t a l   t a p e  
r e c o r d e r  whose c a p a c i t y   i s  9 x 10' b i t s .  

I n   o r d e r  t o  s i m p l i f y  the g r o u n d   t a p e   m a n a g e m e n t  tasks a s s o c i a t e d   w i t h  
t h e  S/C t a p e   r e c o r d e r ,   a l l   d a t a   r e c o r d i n g   a n d   p l a y b a c k   o f  t h e  d a t a  
s h a l l   o c c u r   i n  the  s a m e   t a p e   d i r e c t i o n   ( F i r s t   I n ,   F i r s t   O u t ) .  The 
d a t a   f r o m  t h e  t a p e   r e c o r d e r   s h a l l   a p p e a r  t o  the  g r o u n d  a s  i f  i t  w e r e  
a n o r m a l ,   i e a l - t i n e   d a t a   s t r t a m  ( e . g . ,  n o   b a c k w a r d s   d a t a ;   n o   p a r a l l e l  
r e c o r d   w i t h   s e r i a l   p l a y b a c k ) .  
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e 

ORIGINAL  (UNCODED)  DATA  SET 

I 
I 

I I 
h 4 
ISl2,l  !s12,351s12,361 

I 

! ‘ 1 3 , 1  ! 
I I 
I I 

NOTES: 

1 .  DATA  SEPUENCE I S  LEFT-TO- 
RIGHT  BY  TOP-TO-BOTTOM 

2. bi DENOTES  THE i T H  B I T   I N  A 

3. s1 DENOTES T H E  iTH CODE 

SEPUENCE  OF 432 DATA B I T S  

SYABOL OF T H E  K~~ CODE UORD 
OF  AN 864 SYMBOL GOLAY CODE 
BLOCK 

( i  TAKES  ALL  INTEGER  VALUES 
FROM 1 TO 24 AND k TAKES  ALL 
.INTEGER  VALUES FROM 1 TO 36) 

4 .  EACH COLUMN I N  THE GOLAY CODE 
BLOCK I S  A GOLAY CODE  UORD 

5 .  THE F I R S T  432 SYMBOLS  OF THE 
GOLAY CODE  BLOCK  ARE IDENTICAL 
TO THE O R I G I N A L   D A T A   B I T S :  

S 1 , l  = bl 

s1,2 = 4) 

S2,l  = 4 7  

i S i , k  i I ETC.  
I 
I 
I 6. DATA I S  ENCODED S i k  WHERE 

1 s i 5 24 FOR EACK  K I N  

ASSOCIATED GOLAY CODE  BLOCK 

RANGE 1,36 

7. DATA I S  TRANSMITTED  IN  THE 
DOUNLINK S i k  UHERE 

1 s k 5 36 FOR EACH i I N  
RANGE 1,24 
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3 . 7 . 1  

3 . 7 . 2  

3 . 8  

D a t a   R e c o r d i n k  

T h e  DMS s h a l l   b e   c a p a b l e   o f   r e c o r d i n g   a t   a n y   o f  t h e  f o l l o w i n g   d a t a  
r a t e s   o n  command  from t h e  C D S .  

a )   0 0 6 . 4   k b f s  

b )   4 0 3 . 2   k b / s  

c )  1 1 5 . 2   k b / s  

d )   2 8 . 8   k b / s  

e )  7 . 6 0   k b / s  

D a t a   P l a y b a c k  

T h e  DMS s h a l l   b e   c a p a b l e  o f  p l a y i n g   b a c k   d a t a   t o  t h e  CDS a t   a n y  o f  
the  f o l l o w i n g   r a t e s   o n  command  from the  C D S .  

a )  1 0 0 . 8  k b / s  

b )   5 7 . 6   k b / s  

c )  1 9 . 2   k b / s  

d )   7 . 6 8   k b / s  

T e l e m e t r y   M o d e s   a n d   R a t e s  

T h e  t e l e m e t r y   m o d e s   a n d   d a t a   r a t e s   s h a l l   b e   a s   s h o w n   i n   T a b l e  1 .  The 
t a b l e   s h o w s  the  r e a l - t i m e   t e l e m e t r y   f r a m e  n a m e   a n d   d o w n l i n k   t e l e m e t r y  
r a t e ,   a n d  t h e  r e c o r d e d   t e l e m e t r y   f r a m e  name a l o n g   w i t h  i t s  a s s o c i a t e d  
r e c o r d i n g   r a t e .  

B i t s   1 - 5   o f  t h e  F o r m a t   I d e n t i f i c a t i o n  ( F I D )  r e p r e s e n t  t h e  a s s i g n m e n t  
of t h e  r e a l - t i m e   t e l e c o m m u n i c a t i o n   r a t e   a n d   f r a m e   f o r m a t .   B i t s  1 2 - 1 6  
o f  t h e  F I D  r e p r e s e n t  the  a s s i g n m e n t   o f  t h e  r e c o r d e d  
t e l e c o m m u n i c a t i o n s   r a t e   a n d   f r a m e   f o r m a t .   T a k e n   t o g e t h e r ,   t h e s e   t w o  
f i e l d s   u n i q u e l y   i d e n t i f y  the  t e l e m e t r y   m o d e .  

T h e  b a s i c  C L L  b i t   r a t e   a l l o c a t i o n s   w i t h i n   e a c h   f o r m a t   s h a l l   b e   a s  
s h o w n   i n   T a b l e  3 .  
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T a b l e  1 .  C L L  T e l e m e t r y   M o d e s  
R e a l - T i m e   F o r m a t s  

I Mnemonic I D o w n l i n k  I P r i m a r y   D a t a   T y p e  I B i t s  1 - 5  I R e f e r e n c e  I 

I N O N E  I N / A  I No d a t a   b e i n g   d o w n l i n k e d  1 N / A  I N / A  1 

-~-""""""""""""""~~"""""""""~"""-"""-"-"""" 
I I D a t a   R a t e  I I o f  F I D  I P a r a s r a p h  I 
1 " " - 1 " " " 1 " " " " " " " - i " - - - I " " - ~ " " -  I 

E n a i n e e r i n a  I I I 

1 0   b p s   s n a p s h o t  o f  1 2 0 0   b p s  1 1  1 1 1 0 1 ' 3 . 9 . 3  I 
e n g i n e e r i n g   d a t a  I I I 

4 0  b p s   s n a p s h o t  o f  1 2 0 0  b p s  1 1  1 1 0 1 I 3 . 9 . 3  I 
e n g i n e e r i n g   d a t a  I I I 

E n g i n e e r i n g   d a t a   a t   1 2 0 0   b p s  10 0 0 0 1 I 3 . 9 . 3  I 

I I I 

I I I 

I I I 
" " " " " " " - I " " - I " - - -  I 
" Lou R a t e   S c i e n c e  I I I 

T a p e   r e c o r d e r   p l a y b a c k   a t  ( 0  0 0 0 0 I N / A  I 
7 . 6 8   K b p s  I I I 
Lou R a t e   S c i e n c e   8 t   7 . 6 8   K b p s l 1  0 0 1 1 I 3 . 9 . 4  I 

I I I 

I I I 
" " " " " " " - I " " - I - - " " "  I 

I I I " M e d i u m   R a t e   S c i e n c e  I I I 
I I I I I I 

I I I 1 9 . 2   K b p s ,   u i t h  LRS a t   7 . 6 8  I I I 
I H P B  I 2 8 . 8   K b p s  I T a p e   r e c o r d e r   p l a y b a c k   a t  10 0 0 1 1 I 3 . 9 . 6  I 

0 

I I I KbPS I I I 
I I I I I I 

I I I N l M S  a t   1 1 . 5 2   K b p s ,   a n d  LRS I I I 
I I I a t   7 . 6 8  Kbpr I I I 
I I I I I I 

I I I LRS a t  7 . 6 8  Kbps I I I 
I I I I I I 

I I I w i t h  NlMS a t   1 1 . 5 2   K b p s ,   a n d  I I I 
I I I LRS a t   7 . 6 8  Kbps I I I 
I " "  - I " " -  - I " " " " " " " - I " " - I - - " " "  I 
I I I I n t e r m e d i a t e  Rste S c i e n c e  I I I 
I I I I I I 

I I I 5 7 . 6   K b p s ,   u i t h  LRS a r   7 . 6 8  I I I 
I I I KbPS I I I 
I I I I I I 

I I I NIMS a t   1 1 . 5 2   K b p s ,   8 n d  LRS I I I 
I I I a t   7 . 6 8  Kbps . I I I 
I I I 

I M P U  I 2 8 . 8  Kbps I P U S  d a t a   a t  7 . 6 8  K b p s ,   w i t h  1 1  0 1 0 0 I 3 . 9 . 5  I 

I M P P  I 2 8 . 8  Kbps I P U S  d a t a   a t   1 9 . 2   K p b s ,   u i t h  10 1 1 1 0 I 3 . 9 . 5 ~  I 

I H P R  I 2 8 . 8   K b p s  I Probc /RRH  data  a t  7 . 6 8   K b p s ,  10 1 1 1 1 I 3 . 9 . 2 0  I 

I X P B  I 6 7 . 2  Kbps I T a p e   r e c o r d e r   p l a y b a c k   a t  10 0 1 1 1 I 3 . 9 . 1 0  I 

I X P U  I 6 7 . 2  Kbps I PUS d a t a   a t   4 5 . 5 6   K b p s ,  w i t h  10 0 1 0 0 I 3 . 9 . 9  I 

I I I 
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T a b l e  1 .  C L L  T e l e m e t r y   M o d e s  
R e a l - T i m e   F o r m a t s  

I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I Mnemonic I D o w n l i n k  I P r i m a r y   D a t a   T y p e  I B i t s  1 - 5  I R e f e r e n c e  I 
........................................ 

I I D a t a   R a t e  I I o f  F I O  I P a f e g f a D h  I 
I I I I I 

X C M  I 6 7 . 2  Kbps I I m a g i n g   d a t a   c o m p r e s s e d   t o  10 0 3 0 1 I 3 . 9 . 8  I 
I I 3 8 . 8 8   K b p s ,   w i t h  NIMS a t  I I I 
I I 1 1 . 5 2   K b p s ,  L R S  a t   7 . 6 8  Kbps I I 
I I I I 

I I e d i t e d   t o   3 8 . 8 8   K b p s .  w i t h  I I I 
I I NIMS a t   1 1 . 5 2   K b p s ,   a n d  LRS I I I 
I I a t   7 . 6 8  Kbps I I I 
I 1 I I I 

I I NIMS a t   1 1 . 5 2   K b p s ,   a n d  LRS I I I 
I I a t   7 . 6 8  Kbps I I I 
I I I I I 

I 
X E D  I 6 7 . 2  Kbps I I m a g i n g   d a t a   c o m p r e s s e d   a n d  10 0 1 1 0 I 3 . 9 . 7  I 

X R U  I 8 0 . 6 4   K b p s  I P U S  d a t a   a t   4 6 . 5 6   K b p s ,   w i t h  10 1 0 0 1 I 3 . 9 . 1 0 A  I 

X P N  I 8 0 . 6 4  Kbps I T a p e   r e c o r d e r   p l a y b a c k   a t  10 1 0 0 0 I 3 . 9 . 1 0 6  I 
I I 5 7 . 6   K b p s ,   w i t h  NIMS a t   1 1 . 5 2 1  1 
I I Kbps ,   and  LRS a t   7 . 6 8  Kbps I I " " I " " " I " " " " " " " - I " - - - I " " - l " "  
I I H i o h   R a t e   S c i e n c e  I I 
I '  I I I 

H P B  

H P U  

H I M  

H C M  

H C  J 

H R U  

I 1 1 5 . 2  Kbps 
I 
I 
I 

I 
I 
I 

I 
I 
I 

I 1 1 5 . 2   K b p s  

I 1 1 5 . 2  Kbps 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

T a p e   R e c o r d e r   p l a y b a c k   a t  10 1 0 1 0 i 3 . 9 . 1 4  
1 0 0 . 8   K b p r ,   w i t h  LRS a t   7 . 6 8  I I 

I 

I I 
I I 
I I 
I I 

1 I 
I I 
I I 
I I 

I I 

I 1 1 5 . 2   K b p s  I 

I 1 3 4 . 4  Kbpr I 

I 1 3 4 . 4  Kbpr I 

Kbps 

P U S  d a t a   a t   9 4 . 5 6   K b p s ,   w i t h  
NIMS a t   1 1 . 5 2   K b p r ,   a n d  LRS 
a t   7 . 6 8  Kbps ' 

I m a g i n g   d a t a   a t   9 4 . 5 6   K b p r ,  
w i t h  NIMS a t   1 1 . 5 2   K b p r ,   a n d  
LRS a t   7 . 6 8  Kbps 

I I 
I I 
1 1  0 0 0 0 I 3 . 9 . 1 3  
I I 
I I 
I I 
( 1  0 0 0 1 I 3 . 9 . 1 1  
I I 
I I 
I I 

I n a g i n g  d a t a   c o m p r e s s e d   t o  1 1  0 0 1 0 I 3 . 9 . 1 2  
7 7 . 7 6   K b p r ,   w i t h  NlMS a t  
1 1 . 5 2   K b p r ,   a n d  LRS a t   7 . 6 8  I 
Kbps I I 

I m a g i n g   d a t a   c o m p r e s s e d   t o  10 1 1 0 1 I 3 . 9 . 1 2 A  
7 7 . 7 6   K b p r ,   w i t h  NlMS a t  
1 1 . 5 2   K b p r ,  LRS a t   7 . 6 8   K b p r , l  
a n d  PUS a t   t 2 . 9 6  Kbpr I 

P U S  d a t a   a t   9 4 . 5 6   K b p r ,   w i t h  ( 0  1 1 0 0 I 3 . 9 . 1 4 A  
NIMS a t   1 1 . 5 2   K b p r ,   a n d  LRS I 

I I 
I 

I I 

I I 
I 
I 

I I 

I 
I I a t   7 . 6 8  Kbpr I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I I I 1 I 
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T a b l e  1 .  G L L  T e l e m e t r y   M o d e s  
R e a l - T i n e   F o r m a t s  

""""""""""""""""""""""""""""""~"""""-""- 
I Mnemonic I D o w n l i n k  I P r i m a r y   D a t a   T y p e  I B i t s  1 - 5  I R e f e r e n c e  I 
I I D a t a   R a t e  I I o f  F I D  I P a r a g r a p h  I 
I I I I I I 

I I I 1 0 0 . 8   K b p s ,   w i t h  NlHS a t  I I I 
I I I 1 1 . 5 2   K b p s ,  LRS a t   7 . 6 8  I I I 
I I I Kbps  and PUS a t   1 2 . 9 6   K b p s  I I I I""""")""""""I"""""""""""""""- 1"""""I"""""- I 
I I I M i s c e l l a n e o u s  I I I 
I I I I I I 

I I I 7 . 6 8   K b p s ,  LRS a t   7 . 6 8  Kbps I I I 
I I I I I I 

I I I mode ( a l t e r n a t e  1 ' s  and  0 ' s )  I I I 
I I I I I I 

I I I mode d u r i n g   l a u n c h   ( c o n s i s t s  1 I I 
I I I of  i n d e t e r m i n a t e   d a t a )  I I I 

I H P J  I 1 3 4 . 4   K b p s  I T a p e   r e c o r d e r   p l a y b a c k   a t  ( 0  1 0 1 1 I 3 . 9 . 1 4 8  I 

I B P B  I 1 6 . 8   K b p s  I T a p e   r e c o r d e r   p l a y b a c k   a t  10 0 0 1 0 I 3 . 9 . 1 9  I 

I K P R  I 4 0   b p s  I K e e p - a l i v e   p o w e r   o n   r e s e t  I N / A  I 3 . 9 . 2 1  I 

I L W F  I 6 0 0   b p s  I K e e p - a l i v e   p o w e r   o n   r e s e t  1. N / A  I 3 . 9 . 2 2  I 

I I I I I I 

T a b l e  1 .  G L L  T e { e m e t r y   M o d e s  
R e c o r d   F o r m a t s  . 

I Mnemonic I D a t a   R a t e  I P r i m a r y   D a t a   T y p e  ( B i t s  1 2 - 1 6 )   R e f e r e n c e  I 
....................................... 

I I t o  DHS I t o f  F I D  I P a r a s r a D h  I 
I I I I I I 
I N O N E  I N / A  I No d a t a   b e i n g   r e c o r d e d  ( O O O O O (  N / A  I 

I I I " 

I I I I I I 
I - - - - - , I  - - - - - - I " " " " " " "  - 1  - - - - - 1  - - - - - I 
I I I " U e d i u m   R a t e   S c i e n c e  I I I 
I I I I I I 

I I I NlHS a t   1 1 . 5 2   K b p s ,   a n d  LRS I I I 
I I I a t   7 . 6 8  Kbps I I I 
I I I I I I 

I I I LRS a t   7 . 6 8  Kbps I I I 
I I I I I I 

I I I w i t h  N l H S  a t   1 1 . 5 2   K b p s ,  and  I I I 
I I I LRS a t   7 . 6 8  Kbps I I I 
I I I I I 

Low R a t e   S c i e n c e  I I I 

1 '  LRS I 7 . 6 8   K b p s  I Lou R a t e   S c i e n c e   a t   7 . 6 8   K b p s l l  0 0 1 1 I 3 . 9 . 4  I 

I M P U  I 2 8 . 8   K b p s  I P U S  d a t a  e t  7 . 6 8   K b p s ,   w i t h  1 1  0 1 0 0 I 3 . 9 . 5  I 

I M P P  I 2 8 . 8   K b p s  I P U S  d a t a   a t   1 9 . 2   K b p s ,   w i t h  10 1 1 1 0 I 3 . 9 . 5 A  I 

I WPR I 2 8 . 8   K b p s  I Probe/RRH d a t a   a t   7 . 6 8   K b p s ,  ( 0  1 1 1 1 I 3 - 9 - 2 0  I 
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T a b l e  1 .  G L L  T e l e m e t r y   M o d e s  
R e c o r d   F o r m a t s  

I Unemonic  I D a t a   R a t e  I P r i m a r y   D a t a  Type I B i t s   1 2 - 1 6 )   R e f e r e n c e  I 
"""""""""""""""""""""""""""""""""""-""" 

I I t o  DHS I I o f  F I D  I P a r a s r a D h  I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

H P U  

H I M  

H C H  

I H4 

PU4 

I us 

A18 

P U8 

~~ ~ 

I I I I 
I I t l i a h   R a t t   p c i e n c e  I I 
I I I I 

I I NIMS a t   1 1 . 5 2  Kbps, and  LRS I 1 
I I a t  7:68 Kbps I I 
I I I I 

I I w i t h  N I H S  a t   1 1 . 5 2  Kbps, and  I I 
I I LRS a t   7 . 6 8  Kbps I I 
I I I I 

I I 7 7 . 7 6  Kbps, w i t h   N I H S ' a t  I I 
I I 1 1 . 5 2  Kbps, and  LRS a t   7 . 6 8  I I 
I I KbPS I I 
I I I I 

I I 3 1 1 . 0 4  Kbps, w i t h  N I H S  a t  I I 
I I 1 1 . 5 2  Kbps', and  LRS a t   7 . 6 8  I I 
I I KbPS I I 
I I I I 

I I N I U S  a t   1 1 . 5 2  Kbps, and LRS I I 
I I a t   7 . 6 8  Kbps I I 
I I I I 

I I w i t h  NIHS a t   1 1 . 5 2  Kbps, and I I 
I I LRS a t   7 . 6 8  Kbps I I 
I I I I 

I I Kbps, w i t h  N I H S  a t   1 1 . 5 2  I I 
I I Kbps, and LRS a t   7 . 6 8  Kbps 1 I 
I I I I 

I I Y I H S  a t   1 1 . 5 2  Kbps, and  LRS I I 
I 1 a t   7 . 6 8  Kbps I I 

I 1 1 5 . 2  Kbps I P U S  d a t a   a t   9 4 . 5 6  Kbps, w i t h  1 1  0 0 0 0 I 

I 1 1 5 . 2  Kbps I I m a g i n g   d a t a   a t   9 4 . 5 6  Kbps, 1 1  0 0 0 1 I 

I 1 1 5 . 2  Kbps I I m a g i n g   d a t a   c o m p r e s s e d   t o  1 1  0 0 1 0 I 

I 4 0 3 . 2  Kbps I I m a g i n g   d a t a   c o m p r e s s e d   t o  1 1  1 0 0 1 I 

I 4 0 3 . 2  Kbps I PUS d a t a   a t   3 7 2 . 4 8  Kbps, w i t h 1 1  1 0 0 0 I 

1 8 0 6 . 4  Kbps I I m a g i n g   d a t a   a t   7 6 8  Kbps, I l 0 1 1 O I  

I 8 0 6 . 4  Kbps I I m a g i n g   d a t a   a v e r a g e d   t o   7 6 8  1 1  0 1 1 1 I 

I 8 0 6 . 4  Kbps I P U S  d a t a   a t   7 6 8  Ktips, w i t h  1 1  0 1 0 1 I 

I 
I 
I 

3 ; 9 . 1 3  I 
I 
I 
I 

3 . 9 . 1 1  I 
I 
I 
I 

3 . 9 . 1 2  I 

3 . 9 . 1 7  

3 . 9 . 1 8  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

3 . 9 . 1 5  I 
I 
I 
I 

I 
I 
I 

I 
I 

3 . 9 . 1 5 A  I 

3 . 9 . 1 6  I 
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3 . 8 . 1  

T a b l e   2 .   A l l o w a b l e   C o m b i n a t i o n s   o f  
R e a l - t i m e   a n d   R e c o r d   F o r m a t s  

I R / T  Format I 
"""̂""""""""""""""""""""""-"-"-"--- 

Ret Format I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

E S S  

E L S  

E H R  

L P B  
LRS 

H P B  
H P U  
H P P  
H P R  
X P B  
X P U  
X C H  
X E D  
X P N  
X R U  
H P B  
H P U  
H I M  
H C M  
H C J  
H P J  
H R U  
B P B  
None* 
K P R  
L H F  
N C G  

I None ,  L R S ,  M P R ,  H P U ,  H I M ,  HCH, I 
I l H 4 ,  PU4, I M 8 ,  P U B ,  H P P ,  H P U ,  A I 8  I 
I None ,  L R S ,  H P R ,  H P U ,  H I M ,  H C M ,  I 
I I H 4 ,  PU6, I H 8 ,  PU8, H P U ,  H P P ,  A 1 8 ,  N C G  I 
I None ,  LRS,  M P R ,   H P U ,  H I M ,  H C H ,  1 
I I H 4 ,  PU4, l H 8 ,  PU8, H P P ,  H P U ,  A I 8  I 
I None I 
I None ,  L R S ,  H I M ,  H C H ,  HPU, l H 4 ,  I 
I PU4, I H 8 ,  P U 8 ,  A I 8 ,  N C G  I 
I None I 
I None ,  H P U  I 
I None ,  H P P  1 
I None ,  H P R  I 
I None I 
I None , .  H I M ,  H C H ,  l H 4 ,  I H 8 ,  A I 8 ,  N C G  I 
I None ,  H P U ,  PU4, P U 8 ,  N C G  I 
I N o n e ,  H P U ,  PU4, P U 8 ,  N C G  I 
I None I 
I None ,  H I M ,  H C H ,  fW4, I H 8 ,  A 1 8 ,  N C G  I 
I None I 
I None ,  H I M ,  H C H ,  l H 4 ,  I H 8 ,  H P U ,  A 1 8 ,  N C G  I 
] N o n e ,  H P U ,  PU4,  PU8, H I M ,  N C G  I 
I N o n e ,  H P U ,  PU4,  PU8, H C H ,  N C G  1 
I None I 
I None I 
I None ,  H I M ,  H C H ,  IW4, I H 8 ,  WPU,  A l 8 ,  N C G  I 
I None I 
I LRS, H P U ,  H I M ,  H C H ,  H P U ,  l H 4 ,  PU4, I H 8 ,  PU8, A I 8  I 
I None I 
I None I 
I None ,  H I M ,  H C H ,  l H 4 ,  I M 8 ,  A I 8 ,  H P U ,  PU4, P U B  I 

I """""" I "_"""""""""""""""""""""""- I 
t D o w n l i n k   t e l e m e t r y   d a t a  i s  n o t   r a d i a t e d   f r o m  S / C .  

M o d u l a t i o n   i s   r e m o v e d   i n  MOS T M U  o u t p u t   u n i t s .  

E n g i n e e r i n g   T e l e m e t r y   M o d e s  

I t  s h a l l   b e   p o s s i b l e  ( 1 )  t o   a c q u i r e  e n g i n e e r i n g   d a t a   a t   1 2 0 0  b / s ,  ( 2 )  
t o   t r a n s m i t   e n g i n e e r i n g   d a t a   a t   1 0 ,  4 0 ,  o r   1 2 0 0  b / s  r a t e s ,   a n d  ( 3 )  t o  
r e c o r d   e n g i n e e r i n g   d a t a   a t   1 2 0 0   b / s  by  u s i n g  t h e  s t a n d a r d  L R S  f r a m e .  

T h e  1 2 0 0  b / s  e n g i n e e r i n g - o n l y  mode s h a l l   b e   u s e d   d u r i n g   l a u n c h  
o p e r a t i o n s  when the  o r b i t e r   d a t a  i s  b e i n g   i n c l u d e d   i n   t h e   S h u t t l e   o r  
I U S  d a t a   s t r e a m   a n d  when t h e  TDRS i s   t r a c k i n g  t h e  G L L  S / C .  I t  s h a l l  
b e   p o s s i b l e   t o   u s e   t h i s   d 8 t a   s t r e a m  mode d u r i n g   c r u i s e   o p e r a t i o n s .  

T h e  1 2 0 0  b / o  e n g i n e e r i n g   d a t a   s h a l l   b e   a v a i l a b l e   a s  a p a r t  o f  t h e  LRS 
d a t a .  I t  s h a l l  be  u s e d   d u r i n g   m a n e u v e r s ,   s y s t e m   t e s t i n g ,   p e r f o r m a n c e  
m o n i t o r i n g   a n d   a i d i n g   i n  t h e  d i a g n o s i s   o f   i n f l i g h t   a n o m a l i e s .  
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3 . 8 . 2  

3 . 8 . 3  

3 . 8 . 3 . 1  

I t  s h a l l   b e   p o s s i b l e   t o   t r a n s m i t   a t   4 0   b / s   e v e r y   3 0 t h   f r a m e  o f  t h e  e 
1 2 0 0   b / s   e n g i n e e r i n g .   T h i s   4 0   b p s   t r a n s m i s s i o n   s h a l l   b e  known a s  
8 t s n a p s h o t s s   e n g i n e e r i n g .  The c a p a b i l i t y   t o   t r a n s m i t  t h e  s n a p s h o t   d a t a  
u n c o d e d   o v e r  t h e  S - b a n d   l i n k   s h a l l   e x i s t   c o n t i n u o u s l y ,   a n d  
s i m u l t a n e o u s l y   w i t h   a n y   o t h e r   d a t a   ( i n c l u d i n g   c o n v o l u t i o n a l l y   e n c o d e d  
s n a p s h o t   d a t a )   t r a n s m i t t e d   o n   t h e   X - b a n d   l i n k .  T h e  c a p a b i l i t y   t o  
t r a n s m i t   t h e   s n a p s h o t   d a t a   c o n v o l u t i o n a l l y   e n c o d e d   o v e r   t h e   S - b a n d  
a n d   X - b a n d   l i n k s   s h a l l   b e   a v a i l a b l e   u s i n g   r e a l  t ime  commands   f rom  the  
g r o u n d .  

I t  s h a l l   b e   p o s s i b l e  t o  t r a n s m i t   a t   1 0   b / s   e v e r y   1 2 0 t h   f r a m e  o f  t h e  
1 2 0 0   b / s   e n g i n e e r i n g .   T h i s   1 0   b / s   t r a n s m i s s i o n   s h a l l   b e  known a s  
" E n g i n e e r i n g  L o u   R a t e   S n a p s h o t " .   T h e  1 0  b / s   c o d e d   t e l e m e t r y   u i l l   b e  
t r a n s m i t t e d   o v e r   t h e   h i g h   r a t e   c h a n n e l   t o  t h e  M D S .  The c a p a b i l i t y   t o  
t r a n s m i t   t h e   e n g i n e e r i n g   d a t a   a t   1 0   b / s   s h a l l   b e   a v a i l a b l e   u s i n g   r e a l  
t ime  commands  from t h e  g r o u n d .  

I n   t h o s e   c a s e s   w h e r e  E H R  o r  ESS o r  ELS i s  b e i n g   t r a n s m i t t e d   a t  a r e a l  
t i m e   r a t e  o f  1 2 0 0   b / s ,  4 0  b / s ,   o r   1 0   b / s   r e s p e c t i v e l y ,   t h e r e   s h a l l   b e  
a n   o p t i o n  t o  : 

a :  R e c o r d  t h e  r e a l   t i m e  LRS 
b :   R e c o r d  LRS, N I M S  a n d  S S I  a t   1 1 5 . 2 ,   4 0 3 . 2  or  8 0 6 . 4   k b p s  
c :   R e c o r d  L R S ,  N I M S  a n d  P U S  a t   1 1 5 . 2 ,   4 0 3 . 2   o r   8 0 6 . 4  k b p s  
d :   R e c o r d  Probe/RRH a t  7 . 6 8  k b p s ,   w i t h  NIMS a t   1 1 . 5 2   k b p s   a n d  

e :  R e c o r d  M P U ,  M P P ,  a n d  A 1 8 .  
LRS a t   7 . 6 8   k b p s  

Memory R e a d o u t .  

Memory r e a d o u t   s h a l l   b e   a c c o m p l l s h e d   b y   r e p l a c i n g  a p o r t i o n   o f   t h e  
v a r i a b l e   a r e a   d a t a  i n  t h e   E n g i n e e r i n g   f r a m e   w i t h   a n y  o f  t h e  
f o l l o w i n g :  COS memory r e a d o u t  
c o n t r o l   s u b s y s t e m  ( A A C S )  memory 
d a t a .   T h e  CDS m e m o r y   c a n   c o n t a  

S c i e n c e   T e l e m e t r y   M o d e s  

The G a t i l e o  O r b i t e r  s h a l l   b e  
t e l e m e t r y   m o d e s   a s  d e s c r i b e d  

d a t a ,   t h e   a t t i t u d e   a n d   a r t i c u l a t i o n  
d a t a   o r  the  s c i e n c e   s u b s y s t e m  memory 
n 7 . 6 8   k b p s  OMS p l a y b a c k   d a t a .  

a p a b l e   o f   o p e r a t i o n   i n   t h e  s c i  
i n   t h e   f o l l o w i n g   p a r e g r a p h s .  

v a r i o u s   o p t i o n s   a r e   s h o w n   i n   T a b l e  1 a n d  2 .  

L o w - R a t e   S c i e n c e   ( L R S I .  

d a t a   s h a l l   b e   t r a n s m i t t e d   a t  a r e a l - t i m e   d a t a   r a t e   o f  
s h a l l   b e   i n c l u d e d   i n   r e a l - t i m e   t e l e m e t r y   m o d e s   e x c e e d  
H R S ,  MRS, XRS,  a n d  BUS t e l e m e t r y  n o d e s .  LRS d a t a  
e n g i n e e r i n g   d a t a   a t  1200 b / s .   S e l e c t e d   p o r t i o n s  o f  
s h a l l   b e   G o l a y   c o d e d   w h e n e v e r   i t  i s  t r r n s m i t t e d  
r e c o r d e d  on t h e  OMS, or  i n c o r p o r a t e d   i n t o   o t h e r   h i g h e  
f r a m e s .  

i The LRS t e l e m e t r y   n o d e   c o n t a i n i n g   t h e   f i e l d s   a n d   p a r t i c l e s   e x p e r  
7 . 6 8  kbf  s 

e n c e  
The 

men t 
and  

n g   7 . 6 8   b / s :  
s h a l l   c o n t a i n  
t h e  LRS d a t a  
i n   r e a l - t i m e ,  

r a t e   s c i e n c e  
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I n   t h o s e   c a s e s   w h e r e  LRS i s  b e i n g   t r a n s m i t t e d   a t  a r e a l - t i m e   r a t e  o f  
7 . 6 8   k b / s ,   t h e r e   s h a l l   b e   o p t i o n s   t o :  

a .   R e c o r d  t h e  r e a l - t i m e  LRS 
b .   R e c o r d  LRS, N I W S ,  and  S S I  a t   1 1 5 . 2 ,   4 0 3 . 2   o r   8 0 6 . 4   k b p s  
c .  R e c o r d  L R S ,  NIWS, a n d  P U S  a t   1 1 5 . 2 ,   4 0 3 . 2   o r   8 0 6 . 4   k b p s  

3 . 8 . 3 . 2   M e d i u m - R a t e   S c i e n c e  ( W R S ) .  The WRS t e l e m e t r y   m o d e   s h a l l   b e   u s e d   f o r  
( 1 )  P r o b e   c h e c k o u t   o r   e n t r y   . d a t a   o r   ( 2 )  PUS w a v e f o r m   d a t a  a,t  a d a t a  
r a t e   o f   7 . 6 8 0   k b / s .  MRS d a t a   s h a l l   c o n t a i n  LRS a n d  NIMS d a t a .  I t  
s h a l l   b e   t r a n s m i t t e d   i n   r e a l - t i m e   a n d   r e c o r d e d   o n   t h e  DMS f o r   p r o b e  
e n t r y   d a t a ,   a n d   o p t i o n a l l y   r e c o r d e d   o n   t h e  DMS f o r  t h e  P U S  d a t a   o r  
p r o b e   c h e c k o u t   d a t a .  

3 . 8 . 3 . 3  1 1  The XRS t e l e m e t r y  mode s h a l l  
n o m i n a l l y   b e   u s e d   t o   r e p l a c e  HRS w h e n   t h e   t e l e c o m m u n i c a t i o n s  
p e r f o r m a n c e   w i l l   n o t   s u p p o r t   1 1 5 . 2   k b / s .  T h e  d a t a   r a t e   f o r   t h e s e  
m o d e s   s h a l l   b e   6 7 . 2   k b / s   o r   8 0 . 6 4   k b / s .  

T h e   h e a d e r ,  LRS, a n d  NIWS b i t   a l l o c a t i o n s   s h a l l  b e  i d e n t i c a l   t o   t h e  
HRS f r a m e s .   T h e  P U S  o r   S S I   d a t a   s h a l l   b e   i n c l u d e d   b u t   a t  a r e d u c e d  
r a t e .  S S I  d a t a   s h a l l   b e   e d i t e d   o r   c o m p r e s s e d .  

I n   t h o s e   c a s e s   w h e r e  XRS i s  b e i n g   t r a n s m i t t e d   i n   r e a l - t i m e ,   t h e r e  
s h a l l   b e   o p t i o n s   t o :  

a .  u h i l e   t r a n s m i t t i n g  P U S ,  r e c o r d  S S 1  d a t a   a t   1 1 5 . 2 ,   4 0 3 . 2 .  

b .   U h i l e   t r a n s m i t t i n g  S S I ,  r e c b r d  P U S  d a t a   a t   1 1 5 . 2 ,  4 0 3 . 2 ,  
a n d   0 0 6 . 4   k b / s .  

a n d   0 0 6 . 4   k b / s .  

3 . 8 . 3 . 4   H i g h - R a t e   S c i e n c e  ( H R S ) .  The HRS t e l e m e t r y   m o d e s   s h a l l   b e   c a p a b l e  o f  
b e i n g   t r a n s m i t t e d   a t  a r e a l - t i m e   d a t a   r a t e   o f   1 1 5 . 2   k b / s   o r  1 3 4 . 4  
k b / s .   T h e s e   t e l e m e t r y   m o d e s   s h a l l   b e  common i n   t h a t   e a c h   c o n t a i n s  
LRS d a t a   a t   7 . 6 8   k b / s ,  N I U S  d a t a   a t   1 1 . 5 2   k b / s   a n d   e i t h e r  P U S  o r  S S I  
a t   9 4 . 5 6   k b / s .  

I n   t h o s e   c a s e s   w h e r e  HRS i s  b e i n g   t r a n s m i t t e d   i n   r e a l  t i m e ,  t h e r e  
s h a l l   b e   o p t i o n s   t o :  

a .  U h i l e   t r a n s m i t t i n g  PUS, to,  r e c o r d  P U S  a t   1 1 5 . 2   k b / s   o r  

b .   U h i l e   t r a n s m i t t i n g  S S I ,  t o   r e c o r d   S S I   a t   1 1 5 . 2   k b / s   o r  
r e c o r d  S S I  a t   1 1 5 . 2 ,  4 0 3 . 2 ,  o r   8 0 6 . 4   k b / s .  

r e c o r d  P U S  a t   1 1 5 . 2 ,   4 0 3 . 2 ,   o r   8 0 6 . 4   k b / s .  

3 . 8 . 3 . 5   D e l e t e d  

3 . 8 . 3 . 6   S - b a n d   B a c k - u r ,   S c i e n c e  ( B U S ) .  The  BUS t e l e m e t r y   m o d e s   s h a l l   p r o v i d e  
r e d u c e d   s c i e n c e   d a t a - r e t u r n   c a p a b i l i t y   i n   t h e   e v e n t   o f   l o s s   o f   X - b a n d  
d o w n l i n k .   T h e s e   t e l e m e t r y   m o d e s  s h a l l  p r o v i d e   r e a l   t i m e  LRS and  
o t h e r  T B D  e l e m e n t s .  One o p t i o n   s h a l l   p r o v i d e  a DMS p l a y b a c k .  
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3 . 8 . 4  P l a y b a c k  ( P B )  

E x c e p t   f o r   t h e  7 . 6 8  k b / s   d o w n l i n k   p l a y b a c k   r a t e   ( w h i c h  h a s  n o   r e a l -  
t ime  L R S  d a t a ) ,  the  G a l i l e o  P B  t e l e m e t r y   m o d e s   s h a l l   b e   c o m p r i s e d   o f  
r e a l - t i m e  L R S  d a t a   a t  7 . 6 8 0  k b / s ,  w i t h  o r   w i t h o u t  N I M S  a t   1 1 . 5 2   k b / s ,  
a n d  t h e  c o n t e n t s   o f  the  DMS. T h e   p l a y b a c k   t e l e m e t r y   m o d e s   s h a l l   b e  
d o u n l i n k e d   a t   a n y   o f  t h e  f o l l o w i n g   r a t e s :  7 . 6 8 ,  1 6 . 8 ,   2 8 . 8 ,   6 7 . 2 ,  
8 0 . 6 4 ,  1 1 5 . 2   o r   1 3 4 . 4   k b / s .   D u r i n g   p l a y b a c k  t h e  OMS c o n t e n t s   s h a l l   b e  
d o u n l i n k e d   w i t h o u t   a n y   m o d i f i c a t i o n .  T h e  7 . 6 8   k b p s  DMS p l a y b a c k   d a t a  
c a n   b e   c o p i e d   i n t o  CDS m e m o r i e s   a n d   d o u n l i n k e d   v i a   m e m o r y   r e a d o u t .  

3 . 9   T e l e m e t r y   D a t a   F o r m a t s  

3 . 9 . 1  G e n e r a l  

The G L L  t e l e m e t r y   f r a m e s   s h a l l   b e   s t r u c t u r e d   i n   a c c o r d a n c e   u i t h   t h e  
NASA P l a n e t a r y   D a t a   S t a n d a r d s ;   s p e c i f i c a l l y ,  

a .   A l l   f r a m e   l e n g t h s   s h a l l   b e   m u l t i p l e s  o f  16 b i t s .  
b .  A l l  d a t a   s u b s e t s   w i t h i n   t h e   f r a m e   s h a l l   b e   m u l t i p i e s   o f  8 

b i t s .   U n u s e d   b i t s   s h a l l   b e   z e r o   f i l l e d   w i t h   t h e   d a t a  
p o r t i o n   r i g h t   j u s t i f i e d   w i t h i n   t h e   f i e l d .  

c .  The f r a m e   s y n c h r o n i z a t i o n   c o d e   s h a l l   b e   3 2   b i t s .  
d .   C o n v o l u t i o n a l   C o d e  ( K  = 7 ,  R = 1 / 2 1   s h a l l   b e   u s e d .  
e .  E x p e r i m e n t a l   c o n v o l u t i o n a l   C o d e  ( K = 1 5 ,  R = 1 / 4 )  may b e   u s e d  

d u r i n g   p o r t i o n s   o f  t h e  m i s s i o n .  

I n   a n   a t t e m p t   t o   r e t a i n   f l e x i b i l i t y   t o   c h a n g e   b i t   r a t e   a l l o c a t i o n s  
among t h e  v a r i o u s  G L L  s u b s y s t e m s ,  a g e n e r a l i z e d   c o n c e p t   o f   s p e c i f y i n g  
t h e   f o r m a t   c o n t a i n e d   w i t h i n  t h e  f r a m e   i s   b e i n g   u s e d .  T h i s  c o n c e p t  
s e p a r a t e l y   d o c u m e n t s   e a c h   s u b s y s t e m   a l l o c a t i o n   i n   t h e   f r a m e .   E a c h   o f  
t h e s e  a l l o c a t i o n s  i s  t h e n   c o n c a t e n a t e d   t o   c r e a t e  t h e  r e s u l t a n t   f r a m e  
a s   s e e n   i n  the  d o w n l i n k   t e l e m e t r y   s t r e a m .  A l l  O r b i t e r   a n d   g r o u n d  
s o f t w a r e   s h a l l   b e   d e s i g n e d   t o   e a s i l y   a c c o m m o d a t e   c h a n g e s   t o  
a l l o c a t i o n s   a n d   p o s i t i o n   i n  t h e  d o u n l i n k   t e l e m e t r y   f r a m e .  

3 . 9 . 2   H e a d e r  

The f i r s t  9 6  b i t s  o f  e a c h   t e l e m e t r y   f r a m e   e x c e p t  K P R  s h a l l   c o n s i s t   o f  
t h o s e   n e c e s s a r y   f i e l d s   w h i c h   e n a b l e   f r a m e   s y n c h r o n i z a t i o n ,  
i d e n t i f i c a t i o n   a n d   d e c o m m u t a t i o n   o f   t h e   r e c e i v e d   d a t a .   T h e   f o r m a t  o f  
t h e  h e a d e r  i s  s h o w n   i n   F i g u r e  3 a n d   d e s c r i b e d  i n  g r e a t e r   d e t a i l   b y  
T a b l e  4 .  The i n d i v i d u a l   f i e l d s   a r e   d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 2 . 1  
t h r o u g h   3 . 9 . 2 . 3 .   T h e  KPR e x c e p t i o n  i s  d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 2 1 .  

I F R A M E  I F O R M A T  I SPACECRAFT I 
I SYNCHRONI- I I D E N T I F I -  I C L O C K  I 
I Z A T I O N  C O D E  I C A T I O N  I I 

I (FSC)  I ( F 1 D )  I ( S C L K )  I 

4 8  I 

....................... 

I I I I 

I I I I 
I 3 2  I 16 I 
I """"""" I """""""_ I """""""_ I 

F i g u r e  3 .  H e a d e r  
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T a b l e  4 .  Header  Format 

I I 
I D a t a   D e s c r i p t i o n  F r a m e   D a t a   S t a r t   P a r a g r a p h  I 
I .............................. """" I 

I 

-"""""""""""""""~""""""""""""""-------- 
B i t s  O f f s e t   t o  - 

I Frame S y n c h r o n i z a t i o n   C o d e   3 2  0 3 . 9 . 2 . 1  
I 

I 
I F o r m a t   I d e n t i f i c a t i o n  1 6  3 2  3 . 9 . 2 . 2  

I S p a c e c r a f t   C l o c k  4 8   4 8  3 . 9 . 2 . 3  
I """""""""""""""""- L """""""""""" ""  "" 

3 . 9 . 2 . 1  F r a m e   S v n c h r o n i z a t i o n   C o d e  ( F S C ) .  T h e  f r a m e   s y n c h r o n i z a t i o n  
b e   c o m p r i s e d   o f  32  b i t s   w i t h  t h e  f o l l o w i n g   p a t t e r n :  

c o d e   s h a l  l 

HSB 
( B i n a r y )  0 0 0 0  0 0 1 1   1 0 0 1   0 0 0 1   0 1 0 1   1 1 1 0   1 1 0 1   0 0 1 1  
( H e x a d e c i m a l )   0 3 9 1 5 E D 3  

3 . 9 . 2 . 2   F o r m a t   I d e n t i f i c a t i o n  ( F I D ) .  E a c h   t e l e m e t r y   f r a m e   s h a l l   c o n t a i n  a 
f o r m a t   i d e n t i f i c a t i o n   w o r d   w h i c h   i d e n t i f i e s  the  d a t a   b e i n g   p r o c e s s e d  
a n d   t r a n s m i t t e d   f r o m  t h e  O r b i t e r .   A l l   d a t a   w i t h i n  t h e  f r a m e   s h a l l   b e  
c o m p l e t e l y   a n d   u n a m b i g u o u s l y   i d e n t i f i a b l e   b y  t h e  f o r m a t  
i d e n t i f i c a t i o n ,  t h e  S / C  c l o c k ,   a n d  t h e  p r e - e s t a b l i s h e d   f r a m e  
c o m m u t a t i o n   s e q u e n c e .  

T h e  d a t a   o u t p u t   c o n c u r r e n t l y   w i t h  the  c h a n g e   o f  t h e  F I D  s h a l l   b e  
i m m e d i a t e l y   v a l i d .  

The s t r u c t u r e   o f  the  F I D  i s  s h o w n   i n   F i g u r e  4 a n d   d e s c r i b e d   i n  
g r e a t e r   d e t a i l   i n   T a b l e  5 .  

3 . 9 . 2 . 2 . 1   R c a t - t i m e   I d e n t i f i e r  < R / T ) .  B i t s  1 t h r o u g h  5 s h a l l   i n d i c a t e  t h e  
r e a l - t i m e   d o w n l i n k   r a t e   a n d   f o r m a t ,   a s   s h o w n   i n   T a b l e  1 .  On a l l   d a t a  
b e i n g   p l a c e d   o n t o  the DHS,  t h i s   f i e l d   s h a l l   c o n t a i n   a l l   z e r o s .  The 
r e a l   t i m e   i d e n t i f i e r  
c o u n t  i s  0 ,  
a r e   z e r o .  

\ R e a l - t i n e  
l l d e n t i f i e r  

""""" 

I 
I 
I 5  
I - - - - - - " - - 

F i 

1 3 ,   2 6 ,  

"""_ 
Memory 
R e a d o u t  

1 -""" 
g u r e  4 .  

s h o t 1   b e   p e r m i t t e d   t o   c h a n g e   o n l y   w h e n  t h e  MOD91 
3 9 ,  5 2 ,  6 5 ,  o r  7 8  a n d  the  HOD10 

""""""""""_ 
C o m m u t a t i o n )  ~ a p  I 

Map I S e q u e n - c e  I 
I d e n t i f i e r  I N u m b e r . (  

I I 
2 1 3  I 

.""""" 
R e c o r d  
I d e n t i f i e r  

5 
"""""_I """" I """"" 

F o r m a t   I d e n t i f i c a t i o n  

a n d  H O D 8  c o u n t s  
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T a b l e   5 .   F o r m a t   I d e n t i f i c a t i o n  
~-""""""""""""""~"""""""""""""- 

I D a t a  I t s  I o f f s e t   t o  I I 
I D e s c r i p t i o n  I A l l o c a t e d  I D a t a   S t a r t  I P a r a g r a p h  I 

I R e a l - t i m e  I 5 I 0 I 3 . 9 . 2 . 2 . 1  I 
I i d e n t i f i e r  I I I I 

[ Memory I 1 I 5 1 3 . 9 . 2 . 2 . 2  I 
I R e a d o u t  I I I I 

I C o m m u t a t i o n  I 2 I 6 I 3 . 9 . 2 . 2 . 3  I 

I I d e n t i f i e r  I I I I 

IMap S e q u e n c e  I 3 I 8 I 3 . 9 . 2 . 2 . 4  [ 
I Number I I I I 

I R e c o r d  I 5 I 1 1  I 3 . 9 . 2 . 2 . 5  [ 
I I d e n t i f i e r  I I I I 

I -"""""" I """""" I """""""_ I "-"""""-- I 

I I I I I 

I I I I I 

I MOP I I I I 

I I I I I 

I I I I I 

I """"""- I """""" I """""""- I """" """- I 
3 . 9 . 2 . 2 . 2  Memory  Readout ( M R O ) .  B i t  6 o f  the F I D  s h a l l   i d e n t i f y  t h e  f a c t   t h a t  

m e m o r y   r e a d o u t   d a t a   h a s   r e p l a c e d   t h e   f i r s t  7 v a r i a b l e   e n g i n e e r i n g  
p a c k e t s .  

0 = V a r i a b l e   e n g i n e e r i n g  i s  p r e s e n t  
1 = Memory r e a d o u t   d a t a   i s   p r e s e n t  

The M R O  b i t   s h a l l   b e  s e t  t o  1 o n l y   c o n c u r r e n t l y   u i t h  t h e  s t a r t  o f  a 
r e a l - t i m e   i m a g i n g   c y c l e  ( R I M ) .  T h e  M R O  b i t  may b e   r e s e t   t o   z e r o   a t  
a n y  t i m e .  

3 . 9 . 2 . 2 . 3   C o m m u t a t i o n  M ~ D  I d e n t i f i e r  ( C M I ) .  B i t s  7 and  8 s h a l l   i d e n t i f y  t h e  
c o m m u t a t i o n  map c u r r e n t l y   b e i n g   u s e d   t o   s a m p l e   t h e  S / C  e n g i n e e r i n g  
s u b s y s t e m   d a t a .  The a s s i g n m e n t   o f  these  b i t s   s h a l l   b e   a s   s h o u n   i n  
T a b l e  6 .  

The a c t u a l   a s s i g n m e n t   o f   t h e   m i s s i o n   p h a s e   c o m m u t a t i o n   m a p s   s h a l l   b e  
t o   o n e   o f  t h e  f o u r   a v a i l a b l e   r a p   a l l o c a t i o n s .  The c o m m u t a t i o n  map 
s h a l l   i d e n t i f y   t h e   v a r i a b l e   e n g i n e e r i n g   p a c k e t s ,   t h e i r   t i m i n g  
r e l a t i o n s h i p s ,   a n d   t h e i r   p l a c e m e n t   i n t o  t h e  e n g i n e e r i n g   f o r m a t .  The 
d e t a i l s   o f   t h e s e   c o m m u t a t i o n   n a p s   a r e   f o u n d   i n   p a r a g r a p h   A 2 . 2 .  

I n  t h e  e v e n t   t h a t   a n y   o n - b o a r d   d e t e c t e d   a n o m a l y   o c c u r s   ~ h i c h  i s  
p e r m i t t e d   t o   c a u s e   a u t o m a t i c   c h a n g i n g   o f   c o m m u t a t i o n   m a p s ,  t h e  c h a n g e  
s h a l l   b e   t o  map 0 .  

The  CMl s h a l t   c h a n g e   o n l y   c o n c u r r e n t l y   u i t h   t h e   s t a r t   o f  a R I M  c y c l e .  
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T a b l e  6 .  C o m m u t a t i o n  Map I d e n t i f i e r  ( C H I )  A s s i g n m e n t  
................................. 

I C o m m u t a t i o n   A s s i g n e d  I 

I"""""""""""""""""""""""""""""""""1 
I 0 0  O *  A n o m a l y   I n v e s t i g a t i o n  I 
I I 
I 01  1 C a l i b r a t i o n  I 
I I 
I 1 0  2 M a n e u v e r s  I 
I I 
I 1 1  3 C r u i s e / E n c o u n t e r /  I 
I"""""""""""""""""""" O r b i t a l   O D e r a t i o n s  - - - - - - - I  

I B i t s  7 , 8  Map I d e n t i f i e r  Map P u r p o s e  I 

( * T h i s  C H I  s h a l l   b e   u s e d   f o r   a n y   o n - b o a r d   d e t e c t e d   a n o m a l y   w h i c h  I 
I c a u s e s   a n   a u t o m a t i c  C H I  c h a n g e .  I 
I"""""""""""""""""""""""""""""""""1 

3 . 9 . 2 . 2 . 4  Map S e q u e n c e  Number ( M S N ) .  B i t s  9 t h r o u g h  1 1  s h a l l   r e p r e s e n t   t h e  
number   o f  times t h e   s p e c i f i e d   c o m m u t a t i o n  map ( i n   b i t s  7 - 6 1  h a s  
c h a n g e d   s i n c e  t h e  map w a s   l o a d e d   i n  t h e  S / C  memory.  

T h e   c o n t e n t s  o f  t h i s   f i e l d   s h a l l   i n c r e m e n t   b y   o n e   e a c h   t i m e   t h e  map 
i s  u s e d   t o   t r a n s m i t   d a t a   i n   r e a l - t i m e   w h e r e   o n e   o r   m o r e   c h a n g e s   h a v e  
o c c u r e d   s i n c e   t h e   l a s t   u s e   o f   t h e  map.  The MSN s h a . 1 1   c h a n g e   o n l y  
c o n c u r r e n t l y  w i t h  t h e  s t a r t  o f  a R I M  c y c l e .  

3 . 9 . 2 . 2 . 5  R e c o r d   I d e n t i f i e r  ( R E C ) .  B i t s  1 2  t h r o u g h  1 6  s h a l l   i n d i c a t e  the  r a t e  
a n d   f o r m a t  o f  d a t a   b e i n g   p l a c e d   o n  t o  t h e  OMS, a s   s h o w n   i n   T a b l e  1 .  
I n  t h e  e v e n t   t h e r e   i s   n o   d a t a   b e i n g   p l a c e d   o n  t h e  t a p e   r e c o r d e r ,   t h i s  
f i e l d   w i l l   c o n t a i n   a 1 1   z e r o s .   T h e   R e c o r d   I d e n t i f i e r   s h a t l   b e  
p e r m i t t e d  t o  c h a n g e   o n l y   w h e n  t h e  M O D 9 1  c o u n t   i s  0 ,  1 3 ,   2 6 ,   3 9 ,   5 2 ,  
6 5 ,  o r  78  a n d  t h e  MOD10 and  MOD8 c o u n t s   a r e   z e r o .  

3 . 9 . 2 . 2 . 6  R / T  a n d  R E C  A l l o w a b l e   C o m b i n a t i o n s .   A l l o w a b l e   c o m b i n a t i o n s  of r e a l -  
t ime a n d   r e c o r d   i d e n t i f i e r s   a r e   s h o w n   i n   T a b l e   2 .  

3 . 9 . 2 . 3  S p a c e c r a f t   C l o c k  ( S C L K ) .  Each G L L  t e l e m e t r y   f r a m e   s h a l l   c o n t a i n  a 
S/C t ime  f i e l d .  The SCLK s h a l l   h a v e   t h e   c h a r a c t e r i s t i c   t h a t   i t   c a n  
b e   d i r e c t l y   u s e d  t o   d e t e r m i n e  t ime,  i d e n t i f y  a l l  m e a s u r e m e n t s ,   a n d   t o  
c o r r e l a t e   e v e n t s  t o   w i t h i n   t h e   t i m e   r e s o l u t i o n  o f  t h e  S / C  c l o c k .  

T h e  SCLK s h a l l  mark t h e   f i r s t   b i t   o f  t h e  f r a m e   s y n c h r o n i z a t i o n   c o d e  
t i m e   a n d   s h a l l   r e p r e s e n t  t h e  t i m e   i n t e r v a l   i n   w h i c h   t h e  CDS c o l l e c t e d  
t h e  i n s t r u m e n t   d a t a   c o n t a i n e d   w i t h i n  t h e  f r a m e .   T h e  SCLK i s  s h o w n   i n  
F i g u r e  5 a n d  i s   d e s c r i b e d   i n   p a r a g r a p h s   3 . 9 . 2 . 3 . 1   t h r o u g h  3 . 9 . 2 . 3 . 4 .  

1""""""""""""2~-25"""""32-33""""" 4Q-41""""- 4 8  
I I I I I 

I ( R I M )  1 ( M O D  9 1 )  I ( M O D  1 0 )  I ( M O D  8 )  I 
I R E A L - T I M E  I M A G E  C O U N T  I M O D  91 C O U N T  I MOD 1 0  C O U N T  I MOD 8 C O U N T  I 

F i g u r e  5 .  S p a c e c r a f t   C l o c k  
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e 3 . 9 . 2 . 3 . 1  R e a l - T i m e   I m a s e   C o u n t  ( R I M ) .  T h i s  f i e l d  i s  a 24 b i t   c o u n t e r   u h i c h  
s h a l l   b e   i n c r e m e n t e d   e a c h  6 0 - 2 / 3 s  ( c o r r e s p o n d i n g   t o  a r e a l - t i m e   i m a g e  
c y c l e ) .   T h i s   c l o c k   s h a l l   k e e p   u n a m b i g u o u s   a c c o u n t   o f  t'ime f o r  3 2  
y e a r s .  T h e  s t a r t i n g   v a l u e   o f  t h e  c o u n t e r   s h a l l   b e   i n i t i a l i z e d   a t  
l a u n c h   a n d   s h a l l   n o t   b e   r e s e t   a f t e r   l a u n c h   e x c e p t   f r o m   t h e   g r o u n d  
a f t e r   a n   i n t e r r u p t i o n   o f   p o w e r   t o   t h e  CDS m e m o r i e s .   T h e  maximum 
v a l u e   o f  the  SCLK s h a l l   n o t   r o l l - o v e r   u n t i l   a t t a i n i n g   t h e   v a l u e  
1 6 7 7 7 2 1 5 .  

3 . 9 . 2 . 3 . 2  T h e  MOD91 c o u n t e r  i s  a n  8 b i t   c o u n ' t e r   u h i c h  
s h a l l   b e   i n c r e m e n t e d   o n c e   e v e r y  2 / 3  6 .  T h i s  f i e l d   s h a l l   r a n g e  i n  
v a l u e   f r o m  0 t h r o u g h  9 0 ,  w i t h  0 c o r r e s p o n d i n g   t o   t h e   s t a r t  o f  t h e  
r e a l - t i m e   s o l i d   s t a t e   i m a g i n g   c y c l e .  T h i s  f i e l d   s h a l l   i n c r e m e n t   b y  
o n e   e v e r y  LRS f r a m e .  

3 . 9 . 2 . 3 . 3  Mod 1 0  Count  (HOD10).  The HOD10 c o u n t e r  i s  a n  8 b i t   c o u n t e r   u h i c h  
s h a l l   b e   i n c r e m e n t e d   o n c e   e a c h  6 6 - 2 / 3  m s e c .  T h i s  f i e l d   s h a l l   r a n g e  
f r o m  0 t h r o u g h  9 ,  u i t h   t h e   c h a n g e   t o   z e r o   s y n c h r o n o u s   t o   t h e  
i n c r e m e n t i n g   o f   t h e  HOD91 c o u n t .  T h i s  f i e l d   s h a l l   i n c r e m e n t   b y  1 f o r  
e a c h   f r a m e   t r a n s m i t t e d   o r   r e c o r d e d   a t  a t e l e m e t r y   r a t e   g r e a t e r   t h a n  
7 . 6 8  k b / s .   T h e  HODlO c o u n t  i s  s y n o n y m o u s   u i t h   t h e   R e a l - T i m e  
I n t e r r u p t  ( R T I )  i n  t h e  C D S .  

3 . 9 . 2 . 3 . 4  Mod 8 Count  (MOD8). The M O D 8  c o u n t e r  i s  a n  8 b i t   c o u n t e r   u h i c h   s h a l t  
b e   i n c r e m e n t e d   o n c e   e a c h  8 - 1 / 3  ms. T h e  f i e l d   s h a l l   r a n g e   f r o m  0 
t h r o u g h  7 .  Y i t h  the  c h a n g e   t o  0 s y n c h r o n o u s   t o  t h e  i n c r e m e n t i n g   o f  
t h e  HODlO c o u n t .  

T h i s   f i e l d   s h a l l   n o r m a l l y   b e   z e r o   i n   a n y   f r a m e   b e i n g   c r e a t e d   a t  
t e l e m e t r y   r a t e s  l e s s  t h a n   o r   e q u a l i n g  1 1 5 . 2  k b / s .   F o r   t h o s e   f r a m e s  
b e i n g   r o u t e d   t o  t h e  DHS a t   r a t e s   e x c e e d i n g  1 1 5 . 2  k b / s ,   t h e   c o u n t e r  
s h a l l   i n c r e m e n t   b y   o n e   f o r   e a c h   f r a m e   p l a c e d   o n t o   t h e  DMS. 
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T a b l e   7 .   S p a c e c r a f t   C l o c k  ( S C L K )  P r o g r e s s i o n   ( c o n t ' d )  
""""""""""""""""""""""""""""""""------- 

l r e t e m e t r y l  I I I I I I 
I R a t e * *  I I I I I I I 
I ( k b / s )  I R e a l - T i m e l R e c o r d l  R I M  I M O D 9 1  I MOD10 I M O D 8  I 
I """"_ I """"_ I """ I """""_ I """"""_ I """"_ I """" I 
I I I I I I I I 

I I 1 I I I I ' I  

I I I I -  I I I I 

I I I I I I I I 

I I I I I I I I 

I I I I I I I I 

I I I I I I I I 

I I I I I I I I 

I I I I I I I I 
I I I I i I 0 I 0 I O , l ,  . . .  71 
I I I I i I 0 I '  1 0 , 1 ,  . . .  71 
I I I I I I I 
I 

- 1  
I I I I I I - 1  

I 
- 1  

I I I I I I I 
I I I I I 

- 1  
I 

I I I I I I 
* I  

I 
* I  

I '  I I i I 9 0  I 9 1 0 , 1 ,  . . .  71 
I """"- I""""-I """ I """""_ I """"-"" I """"- I ""- " - 1  

I 1 3 4 . 4  I Yes I No I I I I I 

I 1 1 5 . 2  I Yes I Yes I i I 0 1 0 , 1 , . . . . 9 1  0 1  

I 8 0 . 6 4  I Yes I No I i I 1 l O , l ,  . . . ,  91 . 0 I 

I 6 7 . 2  I Yes I No I I I I I 

I 2 8 . 8  I Yes I Y e s  I i I 9 0   1 0 . 1 . . . . . 9 1  0 1  

I 1 6 . 8  I Yes I No I I I I I 

I 1 . 2 0  I Yes I Yes* I i I 0 , 1 , .   . . , 9 0  I ' 0 I O 1  

I 7 . 6 8  I Yes I Y e s  I i I 0 , 1 , .  . . , 9 0  I 0 I O 1  

I 8 0 6 . 4  I ' I I '  * I I I 
I No I Yes I i I 0 I 9 1 0 , 1 ,  . . .  71 

I 4 0 3 . 2  I I I i I 1 I 0 l O , l ,  . . .  71 

I . :  

To t a p e   r e c o r d e r   a t   7 . 6 0  k b / r .  
** 6 0 0  b / s   r a t e  ( L M F  m o d e )   d e s c r i b e d   ' i n   3 . 9 . 2 . 3 . 5 .  
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e T a b l e   7 .   S p a c e c r a f t   C l o c k  ( S C L K )  P r o g r e s s i o n   ( c o n t l d )  
.................................... 

I T e l e m e t r y l  I I I I I I 
I R a t e  I I 
I ( k b / s )  I R e a L - T i n e l R e c o r d l ( M o d u l o  3011  MOD91 I MOD10 I MOD8 I 

I R I M  I I I I 

I -----"-- I ""- "" I """ I """""_ I """"""_ I """"_ I "- "" - I 
I I I I I I I I 

I I I I 1 I 2 9 ,   5 9 ,   8 9  1 0 I 0 ,  I 
I I I I 2 I 2 8 ,   5 8 ,  88 I 0 I O 1  
I I I I 3 I 2 7 ,   5 7 ,   8 7  I 0 I O 1  
I I I I 4 I 2 6 ,   5 6 ,   8 6  I 0 I O 1  
I I I I 5 I 2 5 ,  5 5 ,  85  I 0 I 0 I 
I I I I 6 I 2 4 ,   5 4 ,  8 4  I 0 I O 1  
I I I I 7 I 2 3 ,   5 3 ,   8 3  I 0 I O 1  
I I I I 8 I 2 2 ,   5 2 ,   8 2  I 0 I 0 I 
I I I I 9 I 2 1 ,  5 1 ,  81 I 0 I 0 I 
I I I I 10  I 2 0 ,   5 0 ,  8 0  I 0 I O 1  
I I I I 1 1  I 1 9 ,   4 9 ,   7 9  I 0 I O 1  
I I I I 12 I 1 8 ,  4 8 ,  7 8  I 0 I O 1  
I I I I 13  I 1 7 ,   4 7 ,   7 7  I 0 I O 1  
I I I I 14 I 1 6 ,   4 6 ,   7 6  I 0 I 0 I 
I 1 I I 1 5  I 1 5 ,  4 5 ,  75  I 0 I 0 I 
I I I I 1 6  I 1 4 ,  4 4 ,  74  I 0 I O 1  
I I I I 17 I 1 3 ,   4 3 ,   7 3  I 0 I O 1  
I I I I 18  I 1 2 ,   4 2 ,   7 2  I 0 I O 1  

I I I 1 9  I 1 1 ,  4 1 ,  71 I 0 I 0 I 
I I I I 20 I 1 0 ,  4 0 ,  70  I 0 I O 1  
I I I I 21 I . 9 ,  3 9 ,   6 9  I 0 , I  0 I 
I I I I 22  I 8 ,  3 8 ,   6 8  I 0 I 0 I 
I I I I 2 3  I 7 ,   3 7 ,   6 7  I 0 I 0 I 
I I I I 2 4  I 6 ,   3 6 ,   6 6  I 0 I 0 I 
I I I I 25 I 5 ,   3 5 ,   6 5  I 0 I O 1  
I I I I 2 6  I 4 ,  3 4 ,   6 4  I 0 I 0 I 
I I I I 2 7  I 3 ,   3 3 ,   6 3  I 0 I O 1  
I I I I 2 8  I 2 ,   3 2 ,   6 2  I 0 I O 1  
I I I I 2 9  I 1 ,  3 1 ,   6 1  I 0 I 0 I 
I _"""" I """"_ I """ I """""_ I """"" "-I -"""" I """" I 

1 0 . 0 4 0 * * *  I Yes I No I 0 I 0 , 3 0 , 6 0 , 9 0  I 0 I 0 I 

0 '  

*** K P R  m o d e   e x c e p t i o n   d e s c r i b e d  i n  3 . 9 . 2 . 3 . 5  
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T a b l e   7 .   S p a c e c r a f t   C l o c k  (SC1.K) P r o g r e s s i o n   ( c o n t ' d )  

I T e l e m e t r y l  
I R a t e  I R e a l - T i m e l R e c o r d l ( H o d u l o  l 2 0 ) l  HOD91 I HOD10 I MOD8 I 

"""""""""_"""""""""""""""""""""""""" 
I I R I M  I I I I 

I - l k b / S )  - 1  """"_I """ I """""" I """""" I """"_ I """_ - I  
I 0 . 0 1 0  I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
1 I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

No I n +  o c  I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 

I _"""" I """"_ I """ I """""" I """""" I"- """ I """" I 
on1 i s  d e f i n e d  a s  t h e  R I M  c o u n t   w h e n .  t h e  H O D  91 c o u n t  = 0 .  T h i s  i s  an  
a s y n c h r o n o u s   p r o c e s s  s o  t h a t  R I M  n u m b e r   c a n   n o t   b e   p r e d e t e r m i n e d .  

42  

0 
2 9  
5 8  
8 7  
25 
5 4  
8 3  
21 
5 0  
7 9  
1 7  
4 6  
75  
1 3  
4 2  
71 

9 
3 8  
6 7  

5 
34  
6 3  

1 
3 0  
5 9  
8 8  
2 6  
5 5  
8 4  
2 2  
5 1  
8 0  
1 8  
4 7  
7 6  
14 
4 3  
7 2  
10  
3 9  
6 8  

6 
35  
6 4  

2 
31 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0 
0 
0 
0 
0 
0 
0 
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0 
0 

I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
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T a b l e  7 .   S p a c e c r a f t  C l o c k  ( S C L K )  P r o g r e s s i o n   ( c o n t ' d )  

I T e l e m e t r y l  R a t e  I I R I U  I I I I 
I R a t e  ( R e a l - T i m e ( R c c o r d ( ( U o d u 1 o  12011  MOD91 I MOD10 I MOD8 I 
"""--""""~""""""""""""""""""""-------------- 

I A k b / s  ) - I """"- I """ I """""" I """""" I """-" I -------- I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

e l  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

No I n + 6 0  
1 n +  61  
I n +  6 3  
I n +  6 4  
I n +  6 5  
I n +  6 7  
I n +  6 8  
I n +  6 9  
I n +  71 
I n +  7 2  
I n +  7 3  
I n +  75 
I n ' +  7 6  
I n +  7 7  
I n +  7 9  
I n +  8 0  
I n +  81  
I n +  8 3  
I n +  8 4  
I n +  8 5  
I n +  8 7  
I n +  8 8  
I n +  8 9  
I n +  9 0  
I n +  9 2  
I n +  9 3  
I n +  9 4  
I n +  9 6  
I n +  9 7  
I n +  9 8  
I n + 1 0 0  
I n + 101 
I n + 1 0 2  
I n + 104  

. I n + 105  
I n + 1 0 6  
I n + 1 0 8  

. I n + 1 0 9  
I n + 1 1 0  
I n + 1 1 2  
I n + 1 1 3  
I n + 1 1 4  

3 I n + 1 1 6  
I n + 117  
I n + 1 1 8  
I n + l ? O  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

6 0  
8 9  
2 7  
5 6  
8 5  
2 3  
5 2  
81  
1 9  
4 8  
7 7  
1 5  
4 4  
7 3  
1 1  
4 0  
6 9  

7 
3 6  
6 5  

3 
3 2  
61 
9 0  
2 8  
5 7  
8 6  
2 4  
5 3  
8 2  
2 0  
4 9  
7 8  
1 6  
4 5  
7 4  
1 2  
41  
70 

8 
3 7  
6 6  

4 
33 
6 2  

0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
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3 . 9 . 2 . 3 . 5   S ~ a c e c r a f t   C l o c k   P r o g r e s s i o n .  T h e  SCLK s h a l l   i n c r e m e n t   a s   s h o u n  i n  
T a b l e  7 f o r   e a c h   o f  t h e  v a r i o u s   t e l e m e t r y   r a t e s ,   e x c e p t  t h e  K P R  mode 
a t  4 0  b / s   a n d  the  L M F  mode a t  6 0 0  b / s .  The K P R  mode c o n s i s t s  
e x c l u s i v e l y   o f   a l t e r n a t e  1 - 0  d a t a ,   i .  e . ,  n o   h e a d e r ;   t h e r e f o r e ,   t h e  
SCLK p r o g r e s s i o n   o f   T a b l e  7 d o e s   n o t   a p p l y   t o  t h i s  mode .  S e e  3 . 9 . 2 1  
f o r   a d d i t i o n a l   d e t a i l .  T h e  L M F  mode c o n s i s t s   e x c l u s i v e l y   o f  
i n d e t e r m i n a t e   d a t a ,   i . e . ,   n o   h e a d e r ;   t h e r e f o r e ,  t h e  SCLK p r o g r e s s i o n  
o f   T a b l e  7 d o e s   n o t   a p p l y   t o  t h i s  mode.  See 3 . 9 . 2 2   f o r   a d d i t i o n a l  
d e t a i l .  T h e  10 b / s   c o d e d   t e l e m e t r y   s h a l l   b e   e n f o r c e d   t w o  M,Fs a f t e r  
the  r e c e i p t   o f   t e l e m e t r y  mode  change  command.  The f i r s t   e n g i n e e r i n g  
f r a m e   a t  10 b / s   w i l l   b e   w h a t e v e r   p o s i t i o n  i s  c u r r e n t   w i t h i n  t h e  R I M  
a n d   a f t e r w a r d   e v e r y   1 2 0 t h   e n g i n e e r i n g   f r a m e   s h a l l   b e   d o u n l i n k e d .  

3 . 9 . 3  E N G  - E n a i n e c r i n l  

The E W G  f r a m e   s h a l l   b e  t h e  c a r r i e r   o f  S / C  e n g i n e e r i n g   d a t a .  T h e  
s c h e m a t i c   o f  the  E N C  f r a m e  i s  s h o w n   i n   F i g u r e  6 a n d   d e s c r i b e d   i n  
g r e a t e r   d e t a i l   i n   T a b l e  8 .  

I I 

I . .  I 
I 9 6  I 7 0 4  

"""""""""""""""""""""- 
I H E A D E R  I E N G I N E E R I N G  D A T A  

I """"""_ I """"""""""""""- 
F i g u r e  6 .  E N G  Frame 

T a b l e  8 .  E N G  Format  

I I 

I """"""""""""" Frame 1 0   4 0   1 2 0 0  D a t a  """""""""""I 
I 

I I 

"""""""""""""""""""""""""""""""""-"--""" 
Bit s  O f f s e t   t o  

I D a t a   D e s c r i p t i o n  Bits e"" s e c  - - - >  S t a r t   o f  P a r a g r a p h  I 

I H e a d e r  9 6  1 . 2  4 . 8   1 4 4  0 3 . 9 . 2  

I E n g i n e e r i n g  7 0 4   8 . 8   3 5 . 2   1 0 5 6  9 6  A 2 . 2  I "-  "- "" "" 

8 0 0  10   40  1 2 0 0  
I """"""""- - """""""-" """""_ -"" "" """"""- """"- I 

I I F r a m e   T i m e   ( s e c o n d s )  = 8 0  2 0  0 . 6 6 6  2 / 3  

3 . 9 . 3 . 1  S o u r c e .  The E N G  f r a m e   s h a l l   e x i s t   i n  the d o w n l i n k   t e l e m e t r y  a s  a 
r e s u l t   o f :  

a .  B e i n g   t r a n s m i t t e d   a t  a r e a l - t i m e   r a t e   o f  1 2 0 0  b / s .  
b .   B e i n g   e m b e d d e d  a t  1 2 0 0  b / s   i n   a n y  LRS f r a m e .  
c .  B e i n g   p l a y e d   b a c k   f r o m  the  S/C t a p e   r e c o r d e r   w i t h i n   a n y  LRS f r a m e .  
d .   B e i n g   t r a n s m i t t e d   a t  4 0  b / s   o v e r  the  S - b a n d   d o w n l i n k   c o n c u r r e n t l y  

w i t h   a n y   o t h e r   d a t a   b e i n g   t r a n s m i t t e d   o n   t h e   X - b a n d   l i n k .   T h i s  
4 0  b / s   S - b a n d  mode s h a l t   b e   k n o w n  a s  s n a p s h o t   e n g i n e e r i n g .  

e .  B e i n g   t r a n s m i t t e d   a t  l O . b / s  t o  the  h i g h   r a t e   c h a n n e l   o f  M D S .  
f .   B e i n g   t r a n s m i t t e d   a t  4 Q  b / s   o n   X - b a n d .  
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C o n t e n t s .   E a c h   e n g i n e e r i n g   f r a m e   s h a l l   c o n t a i n   d a t a   o f  t h e  f o l l o w i n g  
t y p e s  : 

3 . 9 . 3 . 3  

3 . 9 . 3 . 4  

a .   E n g i n e e r i n g   s u b s y s t e m   a n a l o g ,   d i g i t a l ,   a n d   s o f t w a r e   m e a s u r e m e n t s  
b .   S p a c e c r a f t   s y s t e m   l e v e l   s t a t u s   m e a s u r e m e n t s .  
c .   S e l e c t e d   s c i e n c e   s u b s y s t e m   t e m p e r a t u r e   m e a s u r e m e n t s .  

1 The SCLK ( s e e  p a r a g r a p h   3 . 9 . 2 . 3 )  i n  
s u c c e s s i v e  E N C  f r a m e s   s h a l l   i n c r e m e n t  a s  s h o w n   i n   T a b l e   9 .   T h e   t a b 1  
i s  o r g a n i z e d   b y   S u b c o m m u t a t i o n   I n d e x  ( S I )  a n d   d a t a   r a t e .  

e 

T h e   e x p r e s s i o n s   f o r   c o m p u t i n g   t h e   e n g i n e e r i n g  S I  s h a l l   b e  a s  shown i n  
T a b l e  9 .  

E N G  F r a m e   C h a r a c t e r i s t i c s .   T h e  4 0  b / s  E N G  f r a m e   s h a l l   e x i s t  i n  r e a l -  
t i m e   a s  a r e s u l t   o f   b e i n g   c o l l e c t e d   a t  1 2 0 0  b f s   b u t   b e i n g   t r a n s m i t t e d  
a t  t h e  1 0  b / s   r a t e .   T h i s  mode s h a l l   b e   k n o u n  a s  s n a p s h o t   e n g i n e e r i n g .  
As a r e s u l t   o f   t h i s   m o d e ,   e v e r y   3 0 t h   e n g i n e e r i n g   f r a m e   c r e a t e d   a t  
1 2 0 0  b / s   s h a l l   b e   d o u n l l n k e d .  The d a t a   c o n t a i n e d   u i t h i n  t h e  4 0  b / s  
e n g i n e e r i n g   f r a m e   s h a l l   r e p r e s e n t  a s n a p s h o t   o f   t h e   e n g i n e e r i n g   d a t a  
c o n t a i n e d   u i t h i n   t h e  E H R  f r a m e .  

T h e  1 0  b / s  E N C  f r a m e   s h a t l   e x i s t   i n   r e a l - t i m e  a s  a r e s u l t   o f   b e i n g  
c o l l e c t e d   a t  1 2 0 0  b / s   b u t   b e i n g   t r a n s m i t t e d   a t  t h e  1 0  b / s  r a t e .  T h i s  
mode s h a l l   b e   k n o u n  a s  e n g i n e e r i n g  Low r a t e   s n a p s h o t .  As a r e s u l t  o f  
t h i s   m o d e ,   e v e r y   1 2 0 t h   e n g i n e e r i n g   f r a m e   c r e a t e d   a t  1 2 0 0  b / s  s h e l l  b e  
d o u n l i n k e d .  The d a t a   c o n t a i n e d   w i t h i n   t h e  1 0  b / s   e n g i n e e r i n g   f r a m e  
s h a l l   r e p r e s e n t  a s n a p s h o t   o f  the e n g i n e e r i n g   d a t a   c o n t a i n e d   w i t h i n  
t h e  E H R  f r a m e .  

T a b l e  9 .  S u b c o m m u t a t i o n   I n d e x  ( S I )  P r o g r e s s i o n  

”- 1 2 0 0  b / s   o r  1 0  b f s  o r  10 b / s   s n a D s h o t  O f  1 2 0 0  b / s *  

I ““” S I  I R I M  I MOD91 I MOD10 I MOD8 - 1  
I 0 i 0 0 0 1  
I 1 I 1 0 0 1  
I 2 i 2 0 0 1  
I 0 0 1  
I 0 0 1  
I 0 0 1  
I 9 0  i 
I I 
I 

’ 90 0 0 1  

S I  = MOD91 I 
I ”“”””-”“”””””””””“””“””””””“ I 

The st e x p r e s s i o n   a n d   f o l l o w i n g   t a b l e   a r e   v a l i d   f o r  
a l l  t e l e m e t r y   m o d e s  ( s e e  T a b l e  1 )  
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3 . 9 . 4  LRS - L o u - R a t e   S c f e n c e  

The LRS f r a m e   s h a l l   b e   t h e   p r i m a r y   c a r r i e r   o f   t h e   l o u - r a t e   f i e l d s   a n d  
p a r t i c l e s   d a t a   a n d   c n g i n e e * r i n g   d a t a   a t  1200  b / s .  The s c h e m a t i c   o f  
t h e  LRS f r a m e   i s   s h o w n   i n   F i g u r e  7 a n d   d e s c r i b e d   i n   g r e a t e r   d e t a i l   i n  
T a b l e   1 0 .  

1""""""""""""""""- m y  o[DB, """""""""""""""- I 

F i g u r e  7 .  LRS Frame 

3 . 9 . 4 . 1   S o u r c e .   T h e  LRS f r a m e   s h a l l   e x i s t   i n   t h e   d o u n l i n k   t e l e m e t r y   a s  a 
r e s u l t   o f :  

a .   B e i n g   t r a n s m i t t e d   a t  a r e a l - t i m e   r a t e   o f   7 . 6 8   k b / s   a s   e i t h e r  
r e a l - t i m e   d a t a  o r  p l a y b a c k   d a t a .  

b .   B e i n g   m u l t i p l e x e d   i n  5 1 2  b i t   g r o u p s  ( 1 / 1 0  L R S )  i n t o   a l l   r e a l - t i m e  
t r a n s m i s s i o n s   e x c e e d i n g  7 . 6 8  k b / s .  

c .   B e i n g   e m b e d d e d   i n  S / C  t a p e   r e c o r d e r   p l a y b a c k   f r a m e s  uh.en t h e  d a t a  
w a s   r e c o r d e d   a t   7 . 6 8   k b / s .  

d .   B e i n g   m u l t i p l e x e d   i n   5 1 2   o r   6 4  ( 1 / 8 0  L R S )  b i t   s e g m e n t s   i n t o   a l l  
f r a m e s   r e c o r d e d   o n   t h e  S / C  t a p e   r e c o r d e r  a t  r a t e s   e x c e e d i n g   7 . 6 8  
k b / s   w h e n  these  f r a m e s   a r e   b e i n g   p l a y e d   b a c k .  
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e T a b l e  1 0 .  LRS Format  
..................................... 

I I I 1 O f f s e t   t o   S t a r t  o f  D a t a l  I 

I IFreme I S e c  I ( A f t e r   R e m o v a l  I I 
I I I I b y  Ground)  I I 

I I I I I I 

I I I I I I 
I uvs I 6 7 2  I 1 0 0 8  I 8 0 0   8 0 0  1 A 2 . 1 3  I 
I I I I I I 

I I I I I I 

I I I I I I 
I PLS I 4 0 8  I 6 1 2  I 1 6 6 4   1 6 6 4  I A 2 . 9  I 
I I I I I I 

I I I I I I 

I I I I I I 

I I I I I I 

I D a t a   D e s c r i p t i o n  I B i t s  I Bits I U / G o l a y  U / O  G o l a y  I P a r a g r a p h  I 

I H e a d e r  I 9 6  I 1 4 4  I 0 0 I 3 . 9 . 2  I 

I E n g i n e e r i n g   D a t a  I 7 0 4  I 1 0 5 6  I 9 6   9 6  I A 2 . 2  I 

I H I C / E U V  I 9 6  I 1 4 4  I 1 4 7 2   1 4 7 2  I A 2 . 6 A / A 2 . 6 B I  

I S S I  S t a t u s  I 9 6  I 1 4 4  I 1 5 6 8   1 5 6 8  I A 2 . 1 2  I 

I N I M S  S t a t u s  I 2 4  I 3 6  I 2 0 7 2  2 0 7 2  I A 2 . 8  I 

I G o l a y   P a r i t y  I 4 3 2  I 6 4 8  I 2 0 9 6  I I 

I DDS I 1 6  I 2 4  I 2 5 2 8  2 0 9 6  I A 2 . 5  I 

I C o d e d   R e s e r v e  I 1 6  I 24 I 2 5 4 4  21   12  I I 
I 
I E P D  ( P a r t  1 )  

I G o l a y   P a r i t y  

I E P D  ( P a r t   2 )  
I 

I 

I 

I 

I 

I 
I PUS 
I 

I P P R  

I M A G  ( P a r t  1 )  

I G o l a y   P a r i t y  

I M A G  ( P e r t   2 )  

I AACS P o s i t i o n   a n d  
I R a t e   D a t a  

I G o l a y   P a r i t y  
I 

I 
I 
I 

I 
I 4 0 0  
I 

I 

I 
I 1 4 4  
I 
I 8 0  
I 

I 
I 8 0  
I 

I 

I 
I 

I ""_ 

I 4 3 2  

I 2 0 8  

I 4 3 2  

I 1 6 0  

I 1 9 2  

I 4 3 2  

1 5 1 2 0  
I 3 3 9 2  

I I 

I I 

I I 
I " I 3 3 9 2   2 5 2 8  
I I 

I I 

I I 

I I 
I " I 4 2 5 6   2 9 6 0  
I I 

I I 

I I 
I I 

I ""-1 

I 9 1 2  I 2 5 6 0   2 1   2 8  

I 6 4 8  I 2 9 6 0  

I 2 1 6  I 3 6 0 0   2 7 3 6  

I 2 4 0  I 3 7 4 4   2 8 8 0  

I 6 4 8  I 3 8 2 4  

I 2 4 0  I 4 3 3 6   3 0 4 0  

I 2 8 8  I 4 4 9 6   3 2 0 0  

I 6 4 8  I 4 6 8 8  

I 7 6 8 0  I ( U / G o l e y )  
I 5 0 8 8  I ( u / O  G o l a y )  

I 

I 
I 
I 
I 
I 

I 

I 
I 
I 
I 
I 

I 

I 
I 
I 
I 
I 
I 

I A 2 . 6  

I A 2 . 1 0  

I A 2 . 7  

I A 2 . 1 1  

I A 2 . 4  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I """""""""" I """ I """ I """""""""""" I """""_ I 
I I 

0 
I Frame l ime = 0 . 6 6 6   2 / 3   s e c o n d  I 
I"""""""""""""""""""""""""""""""""""-l 
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3 . 9 . 4 . 2  S D a c e c r a f t   C l o c k   P r o a r e s s i o n .  The SCLK ( s e e  p a r a g r a p h  3 . 9 . 2 . 3 )  i n  
s u c c e s s i v e  LRS f r a m e s   s h a l l   i n c r e m e n t   a s   s h o u n   b e l o u .  

I 
""""""""""""""""""""""""""""----------- 

LRS I 
I Minor  Frame R I M  M O D  91 M O D  10  MOD6 I 
I ......................... """_ ---------- I 
I I 
I 0 i 0 0 0 
I 

I '  
I 

I 2 i 2 0 0 I 
I 3 i 3 0 0 I 
I I 
I I 
I I 
I .  8 9  i 8 9  0 0 I 
I 90  i 9 0  0 ' 0  I 
I 0 i + i  0 0 0 1  
I 1 i + l  1 0 0 I 
I 2 i + i  2 0 0 
I 

I '  
I 

I I 
I I 
I """""" """_ "- """_ - """""""""""""" -"------ I 
I I 

1 i 1 0 0 

I M i n o r   f r a m e  = M O D 9 1  1 
I .......................... ""--""----- I 
3 . 9 . 5  MPW - M e d i u m - R a t e   S c i e n c e .  PUS D a t a  

The M P U  f r a m e   s h a l l   b e   u s e d   f o r   a c q u i r i n g  NIMS a n d  P U S  d a t a   f o r   r e a l -  
t i m e   t r a n s m i s s i o n   a n d   r e c o r d i n g   t h e   d a t a   o n  the  S / C   t a p e   r e c o r d e r .  
T h e   s c h e m a t i c   o f  the  MPU f r a m e  i s  s h o w n   i n   F i g u r e  8 a n d   d e s c r i b e d   i n  
g r e a t e r   d e t a i l  i n  T a b l e  1 1 .  

I I 1 I I I 

I I LRS 1 I I I 
I I I I I I 

"""""-"""""""""""""""""""""" 
I H E A D E R  I 1 / 1 0  I Y lMS I P U S  . I F I L L E R I  

I 96 I 5 1 2  I 7 6 8  I 5 1 2  I 3 2  I 
I """" I """"" I """_ - """" I ""-""" I """ I 

F i g u r e  8 .  MPU f r a m e  
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Q . T a b l e  1 1 .  M P U  Format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I B i t s  
I e t a   D e s c r i o t i o n  

I 

I. 
I 

F r ame s e c  o a t s   s t a r t   P a r a s r a D h  I 
9 6  1 4 4 0  I H e a d e r  0 3 . 9 . 2  

I 

I 

I 

I 

1 
I I 

I 1 / 1 0  LOU- ate S c i e n c e   5 1 2  7 6 8 0   9 6  3 . 9 . 4  I 
I 
I 
I '  
I 
I 
I 
I 
I 

I 
I 

I N I M S  7 6 8   1 1 5 2 0  

I Medium  Rate  P U S  5 1 2  

I F i l l e r  3 2  

6 0 8  A 2 . 8  

7 6 8 0   1 3 7 6   A 2 . 1 1  

4 8 0   1 8 8 8  
"" 

1 9 2 0  2 8 8 0 0  
-"" 

I """""""""~"""""""" .............................. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I f r a m e   l i m e  = 0 . 0 6 6   2 / 3   s e c o n d  

3 . 9 . 5 . 1   S o u r c e .  The MPU f r a m e   s h a l l   e x i s t   i n   t h e   d o w n l i n k   t e l e m e t r y   e i t h e r  
i n   r e a l - t i m e   o r  a s  a r e s u l t   o f  S / C  t a p e   r e c o r d e r   p l a y b a c k .  

3 . 9 . 5 . 2   s p a c e c r a f t   c l o c k   P r o s r e s s i o n .  The SCLK ( s e e  P a r a g r a P h   3 - 9 - 2 - 3 )   i n  
s u c c e s s i v e   f r a m e s   s h a l l   i n c r e m e n t   a s   s h o w n   b e l o w :  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I M O O  91 M O O  10  MOO8 I R I M  

I I 

I i 
I 
I 
I 
I 
I i 
I i 
I 
I 
I i 
I i 
I 

I 

I i ( i = a n y )  

i 

i 
i 

i 
I i + i  

0 
0 

0 
1 
1 

. .  

9 0  
9 0  

0 

0 
1 

9 
0 
1 

8 
9 
0 

I I 
I 
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3 . 9 . 5 . 3   S m b e d d e d   F r a m e   B u i l d  LID. T h i s   f r a m e   c o n t a i n s   e m b e d d e d  L R S  d a t a .  
T h i s   d a t a   s h a l l   b e   b u i l t   i n t o  a s t r u c t u r e   i d e n t i c a l   t o  i t s  r e a l - t i m e  
e q u i v a l e n t .  

T h e  C D S  s h a l l   e m b e d   1 / 1 0   o f  a LRS f r a m e   ( 5 1 2   b i t s )   i n t o   e a c h  o f  t h e s e  
f r a m e s .   T h e r e   s h a l l   b e  a d e l a y   o f  one  LRS f r a m e  t i m e  b e t u e e n  t h e  
c o l l e c t i o n   a n d   e m b e d d i n g   o f  t h e  LRS d a t a .  As a r e s u l t  o f  t h i s   d e l a y ,  
t h e   r e l a t i o n s h i p   b e t w e e n   t h e  SCLK i n   t h e   f r a m e   a n d  t h e  S C L K  i n  t h e  
e m b e d d e d  LRS f r a m e   s h a l l   b e   a s   s h o w n   b e l o w :  

F r a m e   C o n t a i n i n a   1 / 1 0  LRS Frame  Embedded LRS Frame 

R I M  

i 

M O D  91 MODlO M O D 8  R I M  M O D  91 M O D  10  M O D 8  

0 
1 
2 

9 0  

0 
0 
0 

0 

0 
0 
0 

0 

i - 1   9 0  
i 0 
i 1 

i 8 9  

T h e   e x p r e s s i o n s   f o r   c o m p u t i n g   t h e   e m b e d d e d  LRS m i n o r   f r a m e   a n d  
s e g m e n t   n u m b e r   w i t h i n   t h e   f r a m e   a r e :  

I 9 0 0  + 1 0 * M O D  9 1  + MODlO I 
S = R e m a i n d e r   o f  1 -  9 1 0  , I  

- - 

LRS Minor Frame = I n t e g e r   p o r t i o n   [ S / l O ]  

LRS Segment  Number = Remainder   o f   CS/101  
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3 . 9 . 5 A  MPP - M e d i u m - R a t e   S c i e n c e .  P U S  D a t a   u i t h o u t  N I H S  

T h e  M P P  f r a m e   s h a l l   b e   u s e d   f o r   a c q u i r i n g  P U S  d a t a   f o r   r e a l  t i m e  
t r a n s m i s s i o n   a n d   r e c o r d i n g  t h e  d a t a   o n  the  S / C  t a p e   r e c o r d e r .  The 
s c h e m a t i c   o f  t h e  , M P P  f r a m e  i s  s h o u n   i n   F i g u r e  8A a n d   d e s c r i b e d  i n  
g r e a t e r   d e t a i l   i n   T a b l e  1 1 A .  * 

I I I I I 

I I LRS I I I 
I I I , I  I 

........................... 

I H E A D E R  I 1 / 1 0  I P U S  I F I L L E R  1 '  

I 9 6  I 5 1 2  I 1 2 8 0  I 3 2  I 
I"" """"""""""""""""""""""""- I 

F i g u r e  8A. MPP Frame 

T a b l e  1 1 A .  H P P  f o r m a t  

I 
I D a t a   O e s c r i D t i o n  Frame Sec D a t a   S t a r t   P a r a g r a p h  I 

I I 

"~"""""""""""~""""""""""""""""""""- 
B i t s  - B i t s  O f f s e t   t o  I 

I H e a d e r   9 6   1 4 4 0  0 3 . 9 . 2  I 

I 1 / 1 0   L o u - R a t e   S c i e n c e   5 1 2   7 6 8 0  96  3 . 9 . 4  I 
I 
I Medium  Rate P U S  1 2 8 0   1 9 2 0 0   6 0 8  

I 
V a r i o u s  I 

I 
I F i l l e r   3 2   4 8 0  1888 I 

"" "-" 
1 9 2 0   2 8 8 0 0  

I .......................... """""""- I 

I .......................... ""-""""" I 
I Frame Time = 0 . 0 6 6   2 / 3   s e c o n d  I 

3 . 9 . 5 A . 1   S o u r c e .  The MPP f r a m e   s h a l l   e x i s t   i n  t h e  d o w n l i n k   t e l e m e t r y   e i t h e r  i n  
r e a l - t i m e   o r  a s  a r e s u l t   o f  S / C  t a p e   r e c o r d e r   p l a y b a c k .  

3 . 9 . 5 A . 2   S D a c e c r a f t  Clock P r o a r e s s i o n .   T h e  SCLK ( s e e  p a r a g r a p h   3 . 9 . 2 . 3 )  i n  
s u c c e s s i v e   f r a m e s   s h a l l   i n c r e m e n t   a s   d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 5 . 2 .  

3 . 9 . 5 A . 3   E m b e d d e d   F r a m e   B u i l d  U D .  T h i s   f r a m e   c o n t a i n s   e m b e d d e d  LRS d a t a .  T h i s  
d a t a   s h a l l   b e   b u i l t   i n t o  a s t r u c t u r e   i d e n t i c a l   t o  i t s  r e a l - t i m e  
e q u i v a l e n t   a s   d e s c r i b e d   i n   p a r a g r a p h  3 . 9 . 5 . 3 .  
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3 . 9 . 6  M P B  - M e d i u m - R a t e   P l a y b a c k  

T h e  M P B  f r a m e   s h a l l   b e   u s e d   t o  c a r r y  S / C  t a p e   r e c o r d e r   p l a y b a c k   d a t a  
t o  the  g r o u n d .  The s c h e m a t i c  o f  t h e  W P B  f r a m e  i s  shown i n  F i g u r e  9 
a n d   d e s c r i b e d   i n   g r e a t e r   d e t a i l  i n   T a b l e   1 2 .  

"""""""""""""""""""""""""""- 
I I I 
I H E A D E R  

I 
I 
I 9 6  
I """" 

1 / 1 0  I P L A Y B A C K  
LRS I 

5 1 2  I 1 2 8 0  
I 

I """"" I """"_ - """"""""" 

I 

I 
I 

3 2  I 
"""I 

F I L L E R (  

F i g u r e  9 .  WPB Frame 

T a b l e   1 2 .  M P B  Format 

""-""""""""""""""""""""""""""""""" 
I - B i t s   O f f s e t   t o  I 
I D a t a   O c s c r i D t i o n  F ramc Scc D a t a   S t a r t   P a r a g r a p h  I 

I I 

I I 

I I 

I H e a d e r   9 6   1 4 4 0  0 3 . 9 . 2  I 

I 1 / 1 0   L o u - R a t e   S c i e n c e   5 1 2   7 6 8 0   9 6   3 . 9 . 4  I 

I P l a y b a c k   D a t a   1 2 8 0   1 9 2 0 0   6 0 8  V a r i o u s  I 

I F i l l e r   3 2   4 8 0  1888 I 
"" ""_ 
1 9 2 0   2 8 8 0 0  

I """"""""""""""""""""""""""-""""""" I 
I 

I """"""""_ - """"""""""""""""" - """"""" I 
I Frame  Time = 0 . 0 6 6   2 / 3   s e c o n d  

3 . 9 . 6 . 1   S o u r c e .  T h e  WPB f r a m e   s h a l l   e x i s t   i n  t h e  d o w n l i n k   t e l e m e t r y  
e x c l u s i v e l y   i n   r e a l - t i m e .  

3 . 9 . 6 . 2   S D a c e c r a f t   C l o c k   P r o g r e s s i o n .  T h e  SCLK ( s e e  p a r a g r a p h   3 . 9 . 2 . 3 )   i n  
s u c c e s s i v e   f r a n c s   s h a l l   i n c r e m e n t   a s   d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 5 . 2 .  

3 . 9 . 6 . 3  E m b e d d e d   F r a m e   B u i l d  U D .  T h e  WPB f r a m e   c o n t a i n s   e m b e d d e d  LRS d a t a .  
T h i s   d a t a   s h a l l   b e   b u i l t   i n t o  a s t r u c t u r e   i d e n t i c a l  t o  i t s  r e a l - t i m e  
e q u i v a l e n t   a s   d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 5 . 3 .  
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The XED f r a m e   s h a l l  be used for  acqu i r ing  N I M S  and SSI d a t a   f o r  real- 
time t ransmiss ion .  The schematic of t h e  XED frame is  shown i n   F i g u r e  
10 and described i n  greater d e t a i l   i n  Table 1 3 .  

HEADER 
EDITED IMAGING LRS 
COMPRESSED AND NIMS 1/10 

9 6  2592 768 512 

~~~~ ~ 

REED 
SOLOMON 
PARITY 
SYMBOLS 

512 

Figure  10. XED Frame 

Table 13. XED Format 

B i t s  B i t s  O f f s e t   t o  
Data DescriDtion Frame sec Data S t a r t  ParaaraDh 

Header 96  1440 0 3 . 9 . 2  

1/10 Low-Rate Science 512 7680 9 6   3 . 9 . 4  

N I M S  7 68  11520 608  A2.8 

Compressed and Edi ted 2592  38880 1376  A2.12 
Imaging 
Reed Solomon P a r i t y  512 7680 

4480 67200 

Frame Time = 0 . 0 6 6   2 / 3  second 

Symbols - - 

3 . 9 . 7 . 1  S o u r c e .  T h e  XED f r a m e   s h a l l   e x i s t   i n   t h e   d o w n l i n k   t e l e m e t r y  
e x c l u s i v e l y   i n  real-time. 

3 . 9 . 7 . 2  Soacecraf t   Clock  Proaression.  The SCLK (see paragraph 3 . 9 . 2 . 3 )  i n  
successive  f rames sha l l  increment as descr ibed   in   paragraph  3 . 9 . 5 . 2 .  

3 . 9 . 7 . 3  Embedded Frame Build UD. The XED frame  contains  embedded LRS da ta .  
This  data s h a l l   b e   b u i l t   i n t o  a s t r u c t u r e   i d e n t i c a l   t o  i t s  real-time 
equ iva len t  as desc r ibed   i n   pa rag raph  3 . 9 . 5 . 3 .  
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3 .9 .8  XCM - Intermediate-Rate  Science. ComDressed  Imauinq 

The XCM frame shall   be  used for acquiring NIMS and SSI data for real -  
time transmission. The schematic of t h e  XCM frame is  shown i n  Figure 
11 and descr ibed   in   grea ter   de ta i l   in   Table   14 .  

HEADER 

96 

1/10 
LRS 

5 12 

I I 
NIMS COMPRESSED 

IMAGING 
REED 
SOLOMON 
PARITY 
SYMBOLS 

7 68 I 2592 I 512 

Figure  11. XCM Frame 

Table  14. XCM Format 

. B i t s  B i t s  O f f s e t  to  
Data DescriDtion Frame Sec Data S tar t  ParaUraDh 

Header 96  1440 0 3.9 .2  

1/10 Low-Rate Science 5 12  7680  96 3 . 9 . 4  

NIMS 768 11520 608  A2.8 

Compressed  Imaging 2592  38880  1376  A2.12 

Reed Solomon Pari ty  512 7680 
Symbols - 

4480  67200 

I Frame T i m e  = 0.066  2/3  second 

3 . 9 . 8 . 1   S o u r c e .  The XCH f r a m e   s h a l l   e x i s t   i n   t h e   d o w n l i n k   t e l e m e t r y  
exc lus ive ly   in   rea l - t ime .  

3.9.8.2  Spacecraft  Clock  Proaression. The SCLK (see paragraph 3 . 9 . 2 . 3 )   i n  
success ive  frames s h a l l  increment as descr ibed  in  paragraph 3 .9 .5 .2 .  

3 . 9 . 8 . 3  Embedded  Frame Build UD. The XCM frame contains embedded LRS data. 
This   data   shal l   be   bui l t   into  a s tructure   ident ica l  to  its real-time 
equivalent as descr ibed  in  paragraph 3 .9 .5 .3 .  
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HEADER 

96 

3 .9 .9  XPW - Intermediate-Rate  Science, PWS 

The XPW frame shall   be  used for acquiring NIMS and PWS data for real-  
time transmission. The schematic  of  the XPW frame is shown i n  Figure 
12 and described  in greater de ta i l   in   Table  1 5 .  

1/10 I NIMS I PWS 

LRS I 5 12 768 3104 
I I 

Figure  12. XPW Frame 

Table 1 5 .  XPW Format 

B i t s  B i t s  Offset to  
Data Desctiution Frame Sec Data Start  ParaaraRh 

Header 96 1440 0 3 .9 .2  

1/10 Low-Rate Science 512 7680 96 3 .9 .4  

NIMS 768  11520 608 A2.8 

PWS 3104 46560  1376  A2.11 - 
4480  67200 

I Frame Time  = 0.066  2/3  second 

3 . 9 . 9 . 1   S o u r c e .  The XPW f r a m e   s h a l l   e x i s t   i n   t h e   d o w n l i n k   t e l e m e t r y  
exc lus ive ly  i n  real-time. 

3 .9 .9 .2   Spacecraft  Clock Prosression. The SCLK (see paragraph 3 . 9 . 2 . 3 )   i n  
success ive  frames s h a l l  increment as descr ibed  in  paragraph 3 .9 .5 .2 .  

3 .9 .9 .3  Embedded  Frame Bui ld  U p .  The XPW frame contains embedded LRS data. 
This   data  ehal l   be  bui l t  into a s tructure   ident ica l  t o  its real-time 
equivalent as descr ibed  in  paragraph 3 .9 .5 .3 .  
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I 

3 .9 .10 XPB - Intermediate  Plavback e 
The XPB frame shal l   be  used t o  carry S / C  tape  recorder PB data t o  t h e  
ground. The schematic of t h e  XPB frame is  shown in  Figure  13 and 
descr ibed  in   greater   deta i l   in   Table  16. 

HEADER FILLER PLAY BACK 1/ 10 
LRS 

96 32 3840 512 

Figure  13. XPB Frame 

Table  16. XPB Format 

B i t s  B i t s  O f f s e t  t o  
Data DescriDtion Frame Sec Data S tar t  ParaqraDh 

Header 96 1440 0 3 .9 .2  

1/10 Low Rate  Science 512  7680 96   3 .9 .4  

Playback  Data 3840  57600 608  Various 

Filler 32 480 4448 - 
4480  67200 
- 

Frame T i m e  = 0.066  2/3  second 

I 

3 . 9 . 1 0 . 1   S o u r c e .  The X P B  f r a m e   s h a l l   e x i s t  i n  t h e   d o w n l i n k   t e l e m e t r y  
exc lus ive ly   in   rea l - t ime .  

3.9.10.2  Snacecraft  Clock  Proaression. The SCLK (see paragraph 3 . 9 . 2 . 3 )   i n  
success ive  frames s h a l l  increment as   descr ibed   in  paragraph 3 .9 .5 .2 .  

3 .9 .10 .3  Embedded  Frame Build UD. The XPB contains embedded LRS data.  This 
d a t a   s h a l l   b e   b u i l t   i n t o  a s t r u c t u r e   i d e n t i c a l  t o  its  r e a l - t i m e  
equivalent  as described  in paragraph 3 .2 .5 .3 .  

Change 1:  08/01/89 
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The X R U  f r a m e   s h a l l   b e   u s e d   f o r   a c q u i r i n g  N I M S  a n d  P U S  d a t a  f o r  r e a l -  
t i m e   t r a n s m i s s i o n   a t   8 0 . 6 4   k b p s .   T h e   s c h e m a t i c  o f  t h e  X R U  f r a m e  i s  
s h o w n   i n   F i g u r e  13A a n d   d e s c r i b e d   i n   g r e a t e r   d e t a i l   i n   T a b l e   1 6 A .  

I I I I 

I I LRS I I 
I I I I 

....................... 

 HEADER^ 1 / 1 0  I N IMS I P U S  

I 9 6  I 5 1 2  I 7 6 8  I 3 1 0 4 '  
I -  ""_ I """" I """"""" I """""""_ 

"""""- 
I 

I 
I 

F I L L E R  I 

8 9 6  I 
"""""-1 

F i g u r e   1 3 A .  X R U  Frame 

T a b l e   1 6 A .  X R U  Format  
""""""""""""""""""""""""""""""""--- 

I - B i t s  - B i t s  I 
I D a t a   D e s c r i D t i o n   F r a m e  see D a t a   S t a r t   P a r a g r a P h  I 

I I 

I I 

I I 

o f f s e t   t o  

I H e a d e r   9 6   1 4 4 0  0 3 . 9 . 2  I 

I 1 / 1 0   L o u - R a t e   S c i e n c e   5 1 2   7 6 8 0   9 6   3 . 9 . 4  I 

I NIMS 7 6 8   1 1 5 2 0   6 0 8   A 2 . 8  I 

1 P U S  

I F i l l e r  

3 1 0 4   4 6 5 6 0   1 3 7 6   A 2 . 1 1  I 
I 
I 8 9 6   1 3 4 4 0   4 4 8 0  " 

"" ""- 
5 3 7 6   8 0 6 4 0  

I """""""~""""""""" - """"_""""""""" """- I 

I """_"""""""""""""""""""""" - ""- """"" I 
I Frame Time = 0 . 0 6 6   2 / 3   s e c o n d  I 

3 . 9 . 1 0 A . 1   s o u r c e .   he X R U  f r a m e   s h a l l   e x i s t   i n   t h e   d o w n l i n k   t e l e m e t r y  
e x c l u s i v e l y   i n   r e a l - t i m e .  

3 . 9 . 1 0 A . 2   S p a c e c r a f t   C l o c k   P r o q r e s s i o n .  T h e  S C L K  ( s e e  p a r a g r a p h   3 . 9 . 2 . 3 )  i n  
s u c c e s s i v e   f r a m e s   s h a l l   i n c r e m e n t  a s  d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 5 . 2 .  

3 . 9 . 1 0 A . 3   E m b e d d e d   F r a m e   B u i l d  U D .  The  X R U  f r a m e   c o n t a i n s   e m b e d d e d  LRS d a t a .  
T h i s   d a t a   s h a l l   b e   b u i l t   i n t o  a s t r u c t u r e   i d e n t i c a l   t o   i t s   r e a l - t i m e  
e q u i v a l e n t   a s   d e s c r l b e d   i n   p a r a g r a p h   3 . 9 . 5 . 3 .  
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3 . 9 . 1 0 8  X P N  - I n t e r m e d i a t e - R a t e   P l a y b a c k  w i t h  N I M S  a t   8 0 . 6 4  k b D s .  

T h e  X P N  f r a m e   s h a l l   b e   u s e d   t o   c a r r y   S / C   t a p e   r e c o r d e r  P B  d a t a   t o   t h e  
g r o u n d   w i t h  LRS a n d  N I M S  d a t a   i n   r e a l - t i m e .  T h e  s c h e m a t i c   o f   t h e  X P N  
f r a m e  i s  s h o w n   t n   F i g u r e   1 3 8   a n d   d e s c r i b e d   i n   g r e a t e r   d e t a i l   i n   T a b l e  
1 6 8 .  

I I I I I I 

I I LRS I I I I 
I I I I 1 I 

""""""""""""""""""""""""""""- 
I H E A D E R l  1 / 1 0  I N I M S  I P L A Y B A C K  I F I L L E R  I 

I 9 6  I 5 1 2  I 7 6 8  I 3 8 4 0  I 1 6 0  I 
I" "" I """" I """""" I """""""""_ I """" I 

F i g u r e   1 3 8 .  X P N  Frame 

T a b l e   1 6 8 .  X P N  Format  
"""""""""""""""""""""""""""""""""- 

I - 
I D a t a   D e s c r i p t i o n  F r a m e   S e c   D a t a   S t a r t   P a r a g r a p h  I 

I I 

I I 

I I 

B i t s  - B i t s  O f f s e t   t o  I 

I H e a d e r   9 6   1 4 4 0  0 3 . 9 . 2  I 

I 1 / 9 0  L o w - R a t e   S c i e n c e   5 1 2   7 6 8 0   9 6   3 . 9 . 4  I 

I NIMS 7 6 8   1 1 5 2 0   6 0 8   A 2 . 8  I 

I P l a y b a c k  

I F i l l e r  
I 

I 
I 

3 8 4 0  5 7 6 0 0  1 3 7 6  V a r i o u s  I 
1 6 0  2 4 0 0  5 2 1 6  " I 

I 

"" ""_ 
5 3 7 6   8 0 6 4 0  

I """"""""_ - """""""_ - """"""""_ """""""" I 
I 

1 """""""-" - """""""_" """""""" """""""" I 
I Frame  Time = 0 . 0 6 6   2 / 3   s e c o n d  

3 . 9 . 1 0 8 . 1   S o u r c e .  T h e  X P N  f r a m e   s h a l l   e x i s t   i n  t h e  d o w n l i n k   t e l e m e t r y  
e x c l u s i v e l y   i n   r e a l - t i m e .  

3 . 9 . 1 0 8 . 2   S p a c e c r a f t   C l o c k   P r o g r e s s i o r i .  The SCLK ( s e e  p a r a g r a p h  3 . 9 . 2 . 3 )  i n  
s u c c e s s i v e   f r a m e s   s h a l l   i n c r e m e n t  a s  d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 5 . 2 .  

3 . 9 . 1 0 8 . 3  Embedded   Frame   Bui ld  Up.  T h e  X P N  f r a m e   c o n t r i n s   e m b e d d e d  LRS d a t a .  
T h i s   d a t a   s h a l l   b e   b u i l t   i n t o  a s t r u c t u r e   i d e n t i c a l  t o  i t s   r e a l - t i m e  
e q u i v a l e n t  a s  d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 5 . 3 .  
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3 . 9 . 1 1  H I M  - H i g h - R a t e   S c i e n c e .   l m a a i n a  

The H I M  f r a m e   s h a l l   b e   u s e d   f o r   a c q u i r i n g  NIMS a n d   f m a g i n g   d a t a   f o r  
r e a l - t i m e   t r a n s m i s s i o n   a n d / o r   r e c o r d i n g   o n   t h e  S / C  t a p e   r e c o r d e r .  
T h e  s c h e m a t i c   o f  t h e  H I M  f r a m e   i s   s h o w n   i n   F i g u r e  1 4  a n d   d e s c r i b e d   i n  
g r e a t e r   d e t a i l   i n   T a b l e   1 7 .  

I I I I I 

I I LRS I I I 
I I I I I 

"""""""""""""""""""""""""--"--------- 
( H E A D E R (  1 / 1 0  I N I U S  I I M A G I N G  I 

I 9 6  I 5 1 2  I 7 6 8  I 6 3 0 4  I 
I "" "I """" I """"""" I """~""~"""""""""" I 

F i g u r e   1 4 .  H I M  Frame 

I H e a d e r  

I 1 / 1 0   L o u - R a t e   S c i e n c e  
I 

I 

T a b l e  1 7 .  H I M  Format 
"""""""""""""""""""""""""""""""""- 

I - B i t s  Bits 
I D a t a   D e s c r i p t i o n   F r a m e  

O f f s e t   t o  I 
Sec  D a t a   S t a r t  P a r a s r a D h  I 

9 6   1 4 4 0  0 3 . 9 . 2  I 
I 
I 
I 
I 
I 

6 3 0 4  ' 9 4 5 6 0   1 1 3 7 6   A 2 . 1 2  I 

5 1 2   7 6 8 0   9 6   3 . 9 . 1  

7 6 8  1 1  5 2 0   6 0 8   A 2 . 8  

"" """ 

7 6 8 0   1 1 5 2 0 0  
I """""""""""""""""""""""""""""""-"" I 

I """"""""""""""""""""""""""""""""-" I 
I Frame  Time = 0 . 0 6 6   2 / 3   s e c o n d  I 

3 . 9 . 1 1 . 1   S o u r c e .  The H I M  f o r m a t   s h a l l  e x i s t   i n  the  d o w n l i n k   t e l e m e t r y   e i t h e r  
i n   r e a l - t i m e   o r   a s  a r e s u t t   o f  S / C   t a p e   r e c o r d e r   p l a y b a c k .  

3 . 9 . 1 1 . 2   S D a c c c r a f t   C l o c k   P r o q r e s s i o n .  The SCLK ( s e e  p a r a g r a p h  3 . 9 . 2 . 3 )  i n  
s u c c e s s i v e   f r a m e s   s h a l l   i n c r e m e n t   a s   d e s c r i b e d   i n   p a r a g r a p h  3 . 9 . 5 . 2 .  

3 . 9 . 1 1 . 3  Embedded   Frame   Bui ld  U D .  The H I M  f r a m e   c o n t a i n s   e m b e d d e d  LRS d a t a .  
T h i s   d a t a   s h a l l   b e   b u i l t   i n t o  a s t r u c t u r e   i d e n t i c a l   t o   i t s   r e a l - t i m e  
e q u i v a l e n t   a s   d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 5 . 3 .  
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3 . 9 . 1 2  H C M  - H i a h - R a t e   S c i e n c e .   C o m ~ r e s s e d   I m a a i n a  

The H C M  f r a m e   s h a l l   b e   u s e d   f o r   a c q u i r i n g  N l M S  a n d   I m a g i n g  f o r  r e a l -  
t i m e   t r a n s m i s s i o n .  T h e  s c h e m a t i c  of t h e  H C M  f r a m e  i s  s h o u n  i n  F i g u r e  
15 a n d   d e s c r i b e d   i n   g r e a t e r   d e t a i l   i n   T a b l e  1 8 .  

I I I I .I I I I F 1  
-"""""""""-"""""""""""""""""""""""" 

I H E A D E R l  1 /10  I N l M S  I C O M P R E S S E D  I R E E D  I COMPRESSED ( R E E D  I 1 I 
I I LRS 
I I 
I I 
I I 
I I 
I 96 I 512 768 """_ 

I M A G I N G  ( S O L O M O N  
I P A R I T Y  
.(SYMBOLS 
I 
I 

2592 I 512 
""""""I """_ 

F i g u r e  1 5 .  H C M  Frame 

I M A G I N G  l S O L O M O N  I L , I 
] P A R I T Y  I L I 
( S Y M 8 O L S (  E 1 
I I R I  
I I 1  

2592 I 5 1 2  196 I 
""""""I """_ I"-I 

T a b l e  1 8 .  HCM Format  
"""""""""""""""""""""""""""""""""- 

I I 
I D a t a   D e s c r i D t i o n  F rarne S e c   D a t a   S t a r t   P a r a s r a p h  I 

I I 

I I 

I I 

I I 
I 
I 

I I 

I I 

I 
I I 

I 

B i t s  - Bits  O f f s e t   t o  

I H e a d e r  96  1440 0 3 . 9 . 2  I 

I 1 / 1 0  L o n - R a t e   S c i e n c e  512   7680   96   3 .9 .4  I 

I N I M S  768  11520  608  A2.8 

I C o m p r e s s e d   I m a g i n g  2592  38880  1376 A2.12 1 

I R e e d   S o l o m o n   P a r i t y  512  7680  3968  A2.12 
I S y m b o l s  

I C o m p r e s s e d   I m a g i n g  2592  38880  4480  A2.12 I 

I R e e d   S o l o m o n   P a r i t y  512  7680  7072  A2.12 I 
I S y m b o l s  

I F i l l e r  96  1440  7584 

I 

"" """ 

7680 1 1  5200 
I """"""""""""""""""" - """""""""""""" I 

I 
I - "" "-""~""""""""~-"""---"""--"""""""""~ I 
I Frame Time = 0 . 0 6 6   2 / 3  s e c o n d  

3 . 9 . 1 2 . 1  S o u r c e .  T h e  HCM f r a m e   a h a l l   e x i s t   i n  the  d o w n l i n k   t e l e m e t r y  
e x c l u s i v e l y   i n   r e a l - t l n e .  
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e 3 . 9 . 1 2 . 2   S p a c e c r a f t  CLock P r o ~ r e s s i o n .  T h e  SCLK ( s e e  p a r a g r a p h  3 . 9 . 2 . 3 )  i n  
s u c c e s s i v e   f r a m e s   s h a l l   i n c r e m e n t  a s  s h o w n   b e l o w :  

c 

R I M  
i 
i 

i 
i 

i 
i 

i 

HOD91 
0 
0 

0 
1 

4 5  
4 5  

9 0  

H O D  1 0  
0 
1 

9 
0 

H O D 8  
0 
0 

0 
0 

0 

0 

P i c t u r e   L i n e  
0 0 . 1  
0 2 . 3  

1 8 , 1 9  
2 0 . 2 1  

9 0 8 , 9 0 9  
0 8 1  

1 9 0 8 , 9 0 9  

T h e  e x p r e s s i o n s   c o r r e s p o n d i n g   t o   t h i s   t a b l e   a r e :  

P I C T U R E  = I n t e g e r  o f  t S / 9 1 0 1  

L I N E  L E F T  = Remainder  o f  [ S / 9 1 0 1  

L I N E  = [Remainder  o f  [ S / 9 1 0 1  + 1  

3 . 9 . 1 2 . 3   E m b e d d e d   F r a m e   B u i l d  U p .  The H C M  f r a m e   c o n t a i n s   e m b e d d e d  LRS d a t a .  
T h i s  d a t a   s h a l l   b e   b u i l t   i n t o  a s t r u c t u r e   i d e n t i c a l   t o   i t s   r e a l - t i m e  
e q u i v a l e n t  a s  d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 5 . 3 .  

6 1  
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3 . 9 . 1 2 A  H C J  - H i g h - R a t e   S c i e n c e .   C o m o r e s c e d   I m a g i n a   a n d  P U S  

The H C J  f r a m e   s h a l l   b e   u s e d   f o r   a c q u i r i n g  N I H S ,  P U S  a n d   I m a g i n g  f o r  
r e a l - t i m e   t r a n s m i s s i o n .   T h e ~ s c h e m a t i c   o f  t h e  H C J  f r a m e  i s  s h o u n  i n  
F i g u r e  1SA a n d   d e s c r i b e d   i n   g r e a t e r   d e t a i l   i n   T a b l e   1 8 A .  

I I 
 HEADER^ 1/10 
I I LRS 
I I 
I I 
I I 
I I 
I 96 I 512 

NIHS 

i 768 

COMPRESSED 
I M A G I N G  

2592 

I 
REED I COMPRESSED 
SOLOMON I I HAG I NG 

I P A R I T Y  I 
~SYHBOLS I 
I I 
I I 
1 512 I 2592 

I 
I R E E D  

I PAR I T Y  
~ S Y H B O L S  

I SOLOMON 

I 
I 
I 512 512 

I 
PUS I 

I 
I 
I 
I 
I 

864 I 

F i g u r e   1 S A .  H C J  Frame 

T a b l e   1 8 A .  HC.J Format  
"""""""""""""""""""""""""""""""""- 

I Bits Bits O f f s e t   t o  I 
I D a t a   D e s c r i ~ t i o n  Frame S e c   D a t a   S t a r t   P a r a g r a p h  I 

I I 

I I 

I I 

I I 

I I 

I I 

I H e a d e r  9 6  1 4 4 0  0 3 . 9 . 2  I 
I 1 / 1 0   L o n - R a t e   S c i e n c e  5 1 2  7 6 8 0  9 6  3 . 9 . 4  I 

I . N I H S  7 6 8  1 1 5 2 0  6 0 8  A 2 . 8  I 

I C o m p r e s s e d   I m a g i n g  2 5 9 2  3 8 8 8 0  1 3 7 6  A 2 . 1 2  I 
I R e e d   S o l o m o n   P a r i t y  5 1 2  7 6 8 0  3 9 6 8  A 2 . 1 2  I 
I S y m b o l s  I 

I C o m p r e s s e d   I m a g i n g   2 5 9 2   3 8 8 8 0   4 4 8 0   A 2 . 1 2  I 

I R e e d   S o l o m o n   P a r i t y   5 1 2   7 6 8 0   7 0 7 2   A 2 . 1 2  I 
I S y m b o l s  I 

I F i l l e r   5 1 2   7 6 8 0   7 5 8 4  "" I 

8 6 4   1 2 9 6 0   8 0 9 6  I 

I I 

I I 

"" 

8 9 6 0   1 3 4 4 0 0  
""_ 

I -""""""""""""""~"" "- "" - """"""""""""- I 
I Frame  Time = 0 . 0 6 6   2 / 3   s e c o n d  I 

3 . 9 . 1 2 A . 1   S o u r c e .  The H C J  f r a m e   s h a l l   e x i s t   i n  t h e  d o w n l i n k   t e l e m e t r y  
e x c l u s i v e l y   i n   r e a l - t i m e .  

3 . 9 . 1 2 A . 2   S D a c e c r a f t   C l o c k   P r o g r e s s i o n .  T h e  SCLK ( s e e  p a r a g r a p h  3 . 9 . 2 . 3 )  i n  
s u c c e s s i v e   f r a m e s   s h a l l   i n c r e m e n t   a s   d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 5 . 2 .  

3 . 9 . 1 2 A . 3   E m b e d d e d   F r a m e   B u i l d  U D .  T h e  H C J  f r a m e   c o n t a i n s   e m b e d d e d  LRS d a t a .  
T h i s   d a t a   s h a l l   b e   b u i l t   i n t o  a s t r u c t u r e   i d e n t i c a l   t o   i t s   r e a l - t i m e  

6 2  
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3 . 9 . 1 3  H P U  - H i s h - R a t e   S c i e n c e .  P U S .  The H P U  f r a m e   s h a l l   b e   u s e d   f o r  
a c q u i r i n g  NI,MS and P U S  d a t a   f o r  r e a l - t i m e   t r a n s m i s s i o n   a n d / o r  
r e c o r d i n g   o n  t h e  S / C  t a p e  r e c o r d e r .  T h e   s c h e m a t i c  of  t h e  H P U  f r a m e  
i s  shown i n  F i g u r e   1 6   a n d  d e s c r i b e d  i n   g r e a t e r   d e t a i l  i n  T a b l e  1 9 .  

I I I I I 

I I LRS 1 I 1 
I I I I I 

"""""_"""""""""""""""""""""""""" 
J H E A D E R J  1 / 1 0  I NIWS I P U S  I 

I 9 6  1 5 1 2  I 7 6 8  I 6 3 0 4  4 
I -  ""- I" """ I """"""" I """""""""""""""" I 

F i g u r e  1 6 .  H P U  Frame 

T a b l e  19 .  H P U  Format 
""""""""""""""""""""""""""""-""""" 

I - 
I D a t a   D e s c r i D t i o n  

I I 

I I 

I I 
I P U S  6 3 0 4   9 4 5 6 0  . 1 3 7 6  A 2 . 1 1  I 

Bits  - B i t s  O f f s e t   t o  I 
F r ame Sec D a t a   S t a r t  P a r a n r a p h  I 

I H e a d e r   9 6  1 4 4 0  0 3 . 9 . 2  I 
I 1 / 1 0   L o u - R a t e   S c i e n c e  5 1 2  7 6 8 0  9 6   3 . 9 . 4  I 

I NIMS 7 6 8   1 1 5 2 0  6 0 8   A 2 . 8  I 

"" """ 

7 6 8 0  1 1  5 2 0 0  
I """" ""-" - """""""""""""""""""""""-"- - I 

I "" """""""""-"""""""""""""""""""""" I 
I Frame  Time = 0 . 0 6 6   2 / 3   s e c o n d  I 

3 . 9 . 1 3 . 1   S o u r c e .  The H P U  f r a m e   s h a l l   e x i s t   i n  t h e  d o u n l i n k   t e l e m e t r y   e i t h e r  
i n   r e a l - t i m e   o r  a s  a r e s u l t   o f  S/C t a p e   r e c o r d e r   p l a y b a c k .  

3 . 9 . 1 3 . 2   S p a c e c r a f t   C l o c k   P r o g r e s s i o n .  The SCLK ( s e e  p a r a g r a p h   3 . 9 . 2 . 3 )  i n  
s u o c e s s i v e   f r a m e s   s h a l l   i n c r e m e n t   a s   d e s c r i b e d   i n   p a r a g r a p h  3 . 9 . 5 . 2 .  

3 . 9 . 1 3 . 3  Embedded   Frame   Bui ld  U p .  T h e  H P U  f r a m e   c o n t a i n s   e m b e d d e d  L R S  d a t a .  
T h i s   d a t a   s h a L 1  be  b u i l t   i n t o  a s t r u c t u r e   i d e n t i c a l   t o   i t s   r e a l - t i m e  
e q u i v a l e n t  a s  d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 5 . 3 .  

6 3  
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3 . 9 . 1 4  H P B  - H i a h - R a t e   P l a v b a c k  

T h e  H P B  f r a m e   s h a l l  be u s e d   t o   c a r r y  S / C  r e c o r d e r   p l a y b a c k   d a t a  t o  
t h e  g r o u n d .  T h e  s c h e m a t i c   o f  the  H P B  f r a m e  i s  s h o w n   i n   F i g u r e   1 7  a n d  
d e s c r i b e d   i n   g r e a t e r   d e t a i l   i n   T a b l e   2 0 .  

-""""""""""""""""""""""""""" 
I I I I 

I LRS I 1 I 
I I I I 

 HEADER^ 1 / 1 0  I P L A Y B A C K   FILLER^ 

9 6  I 5 1 2  I 6 7 2 0  I 3 5 2  I 
I """ I """ "1"- """"_""""""""""I """ I 

F i g u r e   1 7 .  H P B  Frame 

T a b l e   2 0 .  H P B  Format 

I I 
I D a t a   D e s c r i D t i o n  F rame Sec  D a t a   S t a r t   P a r a a r a p h  I 
I HeaFler 9 6   1 4 4 0  0 3 . 9 . 2  I 
I I 
I 1 / 7 0  L O U - R ~ ~ ~  s c i e n c e   5 1 2   7 6 8 0   9 6   3 . 9 . 4  I 
I I 
I P l a ' y b a c k   D a t a   6 7 2 0   1 0 0 8 0 0   6 0 8  
I 

V a r i o u s  I 
I 

I F i l l e r   D a t a   4 5 2   5 2 8 0   7 3 2 8  I 

"""""""""""""""""""""""""""""""""- 
B i t s  Bits O f f s e t   t o  

"" """ 

7 6 8 0  1 1  5 2 0 0  
I """-"""""""""" """ "" """"_ - """""""""" I 

I 
I -""""""-""-""""""""" """"_" """""""""- I 
I Frame Time = 0 . 0 6 6   2 / 3   s e c o n d  

3 . 9 . 1 4 . 1   S o u r c e .   T h e  H P B  f r a m e   s h a l l  e x i s t  i n   t h e   d o w n l i n k   t e l e m e t r y  
e x c l u s i v e l y   i n   r e a l - t i m e .  

3 . 9 . 1 4 . 3   E m b e d d e d   F r a m e   B u i l d  U D .  T h e  H P I  f r a m e   c o n t a i n s   e m b e d d e d  LRS d a t a .  
T h i o   d a t a   s h a l l  be b u i l t   i n t o  a s t r u c t u r e   i d e n t i c a l   t o   i t s   r e a l - t i m e  
e q u i v a l e n t  a s  d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 5 . 3 .  
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0 3 . 9 . 1 4 A  HRU - H i g h - R a t e   R e a l   T i m e  P U S  a t  1 3 4 . 4   k b D s .  

The H R U  f r a m e   s h a l l   b e   u s e d   t o   c a r r y  L R S ,  N I H S  and P U S  d a t a   t o   t h e  
g r o u n d   a t  t h e  h i g h   d a t a   r a t e  o f  1 3 4 . 4   k b p s   i n   r e a l   t i m e .  The 
s c h e m a t i c   o f   t h e  H R Y  f r a m e  i s  s h o w n   i n   F i g u r e  17A a n d   d e s c r i b e d   i n  
g r e a t e r   d e t a i l   i n   T a b l e  2OA. """"""""_""""""""""""""""""""""" 

I I 

I LRS I 
I I 

 HEADER^ 1 / 1 0  I N I H S  

9 6  I 5 1 2  I 1 6 8  
"""I """" I "-""""" - 

F i g u r e   1 7 A .  

I I 
P U S  I F I L L E R  I 

I I 
I I 

"""""""""" - I -""""- I 
6 3 0 4  I 1 2 8 0  I 

H R U  Frame 

T a b l e  2OA. H R U  Format 

I 
I D a t a   D e s c r i p t i o n  F r ame S e c  

I I 

I I 

"""""""""""""""""""""""""""""""""- 
B i t s  Bits O f f s e t   t o  I 

D a t a   s t a r t  P a t a q r a D h  I 
I H e a d e r   9 6   1 4 4 0  0 3 . 9 . 2  I 
I 1 / 1 0  L o w - R a t e   S c i e n c e   5 1 2   7 6 8 0   9 6   3 . 9 . 4  I 

I 

I 
I 

I F i l l e r  

7 6 8  1 1 5 2 0  6 0 8  A 2 . 8  I 

6 3 0 4  9 4 5 6 0  1 3 7 6  A Z . 1 1  I 
I 

I 
1 2 8 0   1 9 2 0 0   8 0 9 6  I 
"" """ 

8 9 6 0   1 3 4 4 0 0  
I ............................ - ""- ""- I 

I .................................. I 
I Frame  Time = 0 . 0 6 6   2 / 3   s e c o n d  I 

3 . 9 . 1 4 A . 1   S o u r c e .   T h e  H R U  f r a m e  s h a l l  e x i s t   i n  t h e  d o u n l i n k   t e l e m e t r y  
e x c l u s i v e l y   i n   r e a l  t ime .  

3 . 9 . 1 4 A . 2   S D a c e c r a f t   C l o c k   P r o g r e s s i o n . ,   T h e  SCLK ( s e e  p a r a g r a p h   3 . 9 . 2 . 3 )   i n  
s u c c e s s i v e   f r a m e s   s h a l l   i n c r e m e n t  a s  d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 5 . 2 .  

3 . 9 . 1 4 A . 3   E m b e d d e d   F r a m e   B u i l d  U D .  The H R U  f r a m e   c o n t a i n s   e m b e d d e d  LRS d a t a .  
T h i s   d a t a   s h a i l   b e   b u i l t   i n t o  a s t r u c t u r e   i d e n t i c a l   t o   i t s   r e a l - t i m e  
e q u i v a l e n t  a s  d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 5 . 3 .  
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3 . 9 . 1 4 8  H P J  - H i g h - R a t e   P l a v b a c k  w i t h  N I B S  a n d  P U S  a t   1 3 4 . 4   k b D s .  

The H P J  f r a m e   s h a l l   b e   u s e d  t o  c a r r y  S / C  r e c o r d e r   p l a y b a c k   d a t a   t o  
t h e  g r o u n d   w i t h  L R S ,  N I B S ,  and PUS d a t a   i n   r e a l   t i m e .  T h e  s c h e m a t i c  
o f  the  H P J  f r a m e   i s   s h o w n   i n   F i g u r e   1 7 8   a n d   d e s c r i b e d   i n   g r e a t e r  
d e t a i l   i n   T a b l e   2 0 6 .  

I I I I I I 

I I LRS I I I I 
I I I I I I 

I """ I """" I """"""" I """"""""""_ I """"" I 

-""""""""""""""""""""""""""""""" 
 HEADER^ 1 / 1 0  I W I U S  I P L A Y B A C K  I p u s  I ,  

I 9 6  I 5 1 2  I 7 6 8  I 6 7 2 0  I 8 6 4  1 

F i g u r e   1 7 6 .  H P J  Frame 

T a b l e   2 0 6 .  H P J  Format  
"""""""""""""""""""""""""""""""""- 

I B i t s  Bits O f f s e t   t o  I 
I D a t a   D e s c r i o t i o n   F r a m e   S e c   D a t a   S t a r t   P a r a o r a D h  I 

I I 

I I 

I I 

I I 
I P U S  8 6 4   1 2 9 6 0   8 0 9 6   A 2 . 1 1  I 

I H e a d e r  9 6  1 4 4 0  0 3 . 9 . 2  I 
I 1 / 1 0   L o w - R a t e   S c i e n c e  5 1 2  7 6 8 0  9 6  3 . 9 . 4  I 

I NlMS 7 6 8  1 1 5 2 0  6 0 8  A 2 . 8  I 

I P l a y b a c k  6 7 2 0  1 0 0 8 0 0  1 3 7 6  V a r i o u s  I 

"" """ 

8 9 6 0   1 3 4 4 0 0  
I """"" """ """- """"" """"-""""""""""-"-- I 

I""""- """_ ""- """""" - """  "" - ""_" """  "" ""-1 
I Frame Time = 0 . 0 6 6   2 / 3   s e c o n d  I 

3 . 9 . 1 4 6 . 1   S o u r c e .  T h e  H P J  f r a m e   s h a l l   e x i s t   i n  t h e  d o w n l i n k   t e l e m e t r y  
e x c l u s i v e l y   i n   r e a l   t i m e .  

3 . 9 . 1 4 6 . 2   S D a c e c r a f t   C l o c k   P r o q r e s s i o n .  T h e  SCLK ( s e e  p a r a g r a p h   3 . 9 . 2 . 3 )   i n  
s u c c e s s i v e   f r a m e s   s h a L l   i n c r e m e n t   a s   d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 5 . 2 .  

3 . 9 . 1 4 6 . 3  Embedded   Frame   Bui ld  U P .  The H P J  f r a m e   c o n t a i n s   e m b e d d e d  L R S  d a t a .  
T h i s   d a t a   s h a l l   b e   b u i l t   i n t o  a s t r u c t u r e   i d e n t i c a t   t o  i t s  r e a l - t i m e  
e q u i v a l e n t   a s   d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 5 . 3 .  
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3 . 9 . 1 5  lM8 - I m a g i n g   R e c o r d e d   a t   8 0 6 . 4   k b / s  

The IM8 f r a m e   s h a l l   b e   u s e d   t o , r e c o r d  S S I  d a t a   a t   8 0 6 . 4   k b / s .  The 
s c h e m a t i c   o f   t h e  I W 8  f r a m e   i s   s h o w n   i n   F i g u r e   1 8   a n d   d e s c r i b e d   i n  
g r e a t e r   d e t a i l   i n   T a b l e   2 1 .  

I I I I I I 

I I LRS I NIMS I I I 
I I I I I I 
I 9 6  I 6 4  I 9 6  I 6 4  I 6 4 0 0  I 

........................... 

I H E A D E R ~  1 / 8 0  I 1 / a  I F I L L E R  I I M A G I N G  I 

I """ I """ I """"""" I """"" I """" ""-1 
F i g u r e   1 8 .  IM8 Frame 

T a b l e   2 1 .  lM8 Format 

I 
I D a t a   D e s c r i ~ t i o n  F r ame S e c   D a t a   S t a r t   P a r a q r a p h  I 

I I 

I I 

.................................. - B i t s  - B i t s   O f f s e t   t o  I 

I H e a d e r   9 6   1 1 5 2 0  0 3 . 9 . 2  I 

I 1 / 8 0   L o w - R a t e   S c i e n c e   6 4   7 6 8 0   9 6   3 . 9 . 4  I 

I 1 / 8  N I M S  9 6   1 1 5 2 0   1 6 0   A 2 . 8  I 
I 
I F i l l e r   D a t a  6 4   7 6 8 0   2 5 6  

I I m a g i n g   6 4 0 0   7 6 8 0 0 0   3 2 0   A 2 . 1 2  I 
"" """ 

6 7 2 0   8 0 6 4 0 0  
I """""""""""""""""""""-"""""""""""" I 

I """"""""""""""""""""""""""""""-""" I 
1 F r a m e   l i m e  = 0 . 0 0 8  1 / 3   s e c o n d  I 

3 . 9 . 1 5 . 1   S o u r c e .  T h e  I M 8  f r a m e   s h a l l   e x i s t   i n  t h e  d o w n l i n k   t e l e m e t r y  
e x c l u s i v e l y  a s  a r e s u l t   o f  S/C t a p e   r e c o r d e r   p l a y b a c k .  

3 . 9 . 1 5 . 2   S D a c e c r a f t   C l o c k   P r o q r e s s i o n .   T h e  SCLK ( s e e  p a r a g r a p h   3 . 9 . 2 . 3 )   i n  
s u c c e s s i v e   f r a m e s   s h a l l   i n c r e m e n t  a s  s h o w n  i n  T a b l e   2 2 .  
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T a b l e   2 2 .  I M 8  S p a c e c r a f t   C l o c k   P r o g r e s s i o n  

1 R I M  I M O D 9 1  I MOD10 I MOD8 I P i c t u r e  I L i n e  I 
"-""""""""""""""""""""""""""""""""" 

I""-I- """ I """_ I """"""" I """" - I  """" """""""I 
I i I 0 I o l 0 , 1 , 2 ,  . . . ,  7 1  0 I 0 , 1 , 2 ,  . . . ,  7 I 
I i I 0 I 1 l o , l , t ,  . . . ,  7 1  0 I 8 . 9 , 1 0 ,  . . . ,  1 5  I 
1 . 1  * I I I -  I I 
1 . 1  - I - I I -  I I 
1 . 1  * I - I I .  I I 
I i I 0 I 9 1 0 , 1 , 2  , . . . ,  7 1  0 I 7 2 , 7 3 , 7 4 ,  . . . , 7 9  I 
I i I 1 I o 1 0 , 1 , 2 ,  . . . ,  7 .I 0 I 8 0 , 8 1 , 8 2 ,  . . . ,  8 7  I 
1 . 1  - I - I I -  I I 
1 . 1  - I - I I -  I I 
1 . 1  * I - I I .  I I 
I i I 12  I 9 1 0 , 1 , 2 ,  . . . ,  7 I o I 1 0 3 2 , 1 0 3 3 ,  . . . ,  1 0 3 9  I 
I i I 1 3  I 0 l O , 1 , 2 ,  . . . ,  7 I 1 I 0 , 1 , 2 ,  . . . ,  7 I 
1 . 1  - I - I I -  I I 
1 - 1  I - I I .  I I 
1 . 1  * I I I .  I I 
I i I 9 0  1 , 9   l O , l , 2 ,  . . . ,  7 I 6 I 1 0 3 2 , 1 0 3 3 ,  . . . ,  1 0 3 9  I 
I ""- I """_ I """_ I """"""" I """"_ I """" L""" """_ I 

T h e  e x p r e s s i o n s   c o r r e s p o n d i n g   t o   T a b l e   2 2   a r e  

S = 8(10*MOD91 + MOD10) + MOD8 
P I C T U R E  = I n t e g e r   P o r t i o n   o f   [ S / 1 0 4 0 1  

L I N E  = R e m a i n d e r   o f   I S / 1 0 4 0 1  

3 . 9 . 1 5 . 3   g m b e d d e d   F r a m e   B u i l d  U D .  The I M 8  f r a m e   c o n t a i n s   t w o   e m b e d d e d   d a t a  
t y p e s :  L R S  a n d  N I M S .  E a c h   o f  these d a t a   t y p e s   s h a l l   b e   b u i l t   i n t o  
s t r u c t u r e s   i d e n t i c a l   t o   t h e i r   r e a l - t i m e   e q u i v a l e n t .  

3 . 9 . 1 5 . 3 . 1  LRS. Each I M 8  f r a m e   c o n t a i n s   o n e   s e g m e n t   o f   a n  LRS f r a m e .   E i g h t y  
( 8 0 )  s e g m e n t s   a r e   r e q u i r e d  t o  c r e a t e  the  r e a l - t i m e   e q u i v a l e n t  L R S  
f rame .  

T h e  COS s h a l l  embed 1 / 8 0  o f  a LRS f r a m e  ( 6 4  b i t s )   i n t o   e a c h  o f  t h e s e  
f r a m e s .   T h e r e   s h a l l   b e  a d e l a y   o f   o n e  LRS f r a m e - t i m e   b e t w e e n  t h e  
c o l l e c t i o n   a n d   e m b e d d i n g  o f  t h e  LRS d a t a   i n t o  the  f r a m e .  As a r e s u l t  
o f  t h i s   d e l a y ,  t h e  r e l a t i o n s h i p   o f  the  SCLK i n  the  f r a m e   a n d   t h e  SCLK 
i n  t h e  embedded  LRS f r a m e   s h a l l   b e  a s  s h o w n   b e l o w .  

Frame g o n t a i n i n a  1/80 LRS Frame  Embedded  Frame 

R I M  M O D 9 1  

i * o  
i 1 
i 2 

i 9 0  

MOD 1 0  

1 
1 
1 

1 

MOD8 

0 
0 
0 

0 

R I M  

i - 1  
i 
1 

i 
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M O D 9 1  MOD10 

9 0  0 
0 0 
1 0 

89 0 

nooa 

0 
0 
0 

0 c 
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The e x p r e s s i o n s   f o r   c o m p u t i n g  the  LRS m i n o r   f r a m e   a n d  
s e g m e n t   n u m b e r   w i t h  t h e  m i n o r   f r a m e s   a r e :  

1 1 9 4  + 8(1O*WOD91 + MOD10) + M O D 8  
S = R e m a i n d e r   o f  7280 

LRS Minor  Frame = I n t e g e r  [ S / 8 0 1  

LRS Segment  Number = R e m a i n d e r   o f  t S / 8 0 1  

3 . 9 . 1 5 . 3 . 2  N I M S .  E a c h   f r a m e   c o n t a i n s   o n e   s e g m e n t   ( 9 6  b i t s )  o f  a N I M S  r e a l - t i m e  
p a c k e t .  E i g h t  ( 8 )  s e g m e n t s   a r e   r e q u i r e d  t o   c r e a t e  t h e   r e a l - t i m e  
e q u i v a l e n t  NlMS f r a m e .  

The s/C c l o c k   o f  t h e  f r a m e   u h i c h   c o n t a i n s   t h e   f i r s t  
t h e  embedded  NIMS f r a m e  i s  s h o w n   b e l o u .  

F r a m e   C o n t a i n i n a  lJ8 N I M S  Frame 

R I M  

i 
i 
i 

i 
i 
i 

i 

MOD91 MOD 10  

0 0 
0 1 
0 2 

0 9 
1 0 
1 1 

9 0  9 

MOD8 

0 
0 
0 

0 
0 
0 

0 

Embedded NlMS Frame 

R I M  

i - 1  
i 
i 

i 
i 
i 

i 

MOD91 M O D  10  

90  0 
0 0 
0 1 

0 8 
0 9 
1 0 

9 0  8 

The e x p r e s s i o n s   f o r   c o m p u t i n g   t h e  NlMS d a t a   p a c k e t  
u i t h i n   t h e   p a c k e t   a r e :  

o f  8 s e g m e n t s  o f  

m0d8 

0 
0 
0 

0 
0 
0 

0 

and   segment   number  

7 2 7 2  + 8(1OeM0D91 + MOD10) + MOD8 
S = R e m a i n d e r   o f  7280  

NlMS Minor  Frame = I n t e g e r   P o r t i o n   o f   [ S / 8 I  

NlMS Segment  Number = R e m a i n d e r   o f  CS/81 
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3 . 9 . 1 5 A  A 1 8  - I m a a i n s   R e c o r d e d   a t   8 0 6 . 4   k b / s  

T h e  A 1 8  f r a m e   s h a l l   b e   u s e d  t o  r e c o r d   a v e r a g e d  S S I  d a t a   a t  8 0 6 . 4  
k b / s .  T h e  s c h e m a t i c   o f  t h e  A 1 8  f r a m e  i s  s h o w n   i n   F i g u r e  18A and 
d e s c r i b e d   i n   g r e a t e r   d e t a i l   i n   T a b l e   2 2 A .  

"-""""""""""""""""""""""""""""" 
I I I I I I 

I LRS I N I H S  I I I 
I I I I I I 

I 
 HEADER^ 1 / 8 0  I 1 / 8  . I F I L L E R  I I M A G I N G  I l H A G l N G l  

9 6  I 6 4  I 9 6  I 6 4  I 3 2 0 0  I 3 2 0 0  I 
I""" I """ 1""- ""-""I"""""" 1"""""- I "- "" I 

F i g u r e   1 8 A .  A I 8  Frame 

T a b l e   2 2 A .  A 1 8  Format 

I I 
I D a t a   D e s c r i D t i o n   F r a m e  Sec D a t a   S t a r t   P a r a g r a p h  I 

I 
3 . 9 . 2  I 

I 

I I 
I 

I I 
I F i l l e r   D a t a   6 4   7 6 8 0   2 5 6  I 
I I 
I I m a g i n g   3 2 0 0   3 8 4 0 0 0   3 2 0   A 2 . 1 2  I 
I I 

3 2 0 0   3 8 4 0 0 0   3 5 2 0   A 2 . 1 2  I 

.................................. - B i t s  - B i t s  O f f s e t  t o  

I H e a d e r  9 6   1 1 5 2 0  0 

I 1 / 6 0  L o u - R a t e   S c i e n c e  6 4   7 6 8 0  9 6   3 . 9 . 4  I 

I 1 / 8  N I H S  9 6   1 1 5 2 0  . 1 6 0   A 2 . 8  

"" """ 

6 7 2 0  8 0 6 4 0 0  
I .................................. I 

I 
I """"""_ """""" "" ""- """" - -""""" "-"""""I 
I Frame  Time = 0 . 0 0 8  1 / 3   s e c o n d  

3 . 9 . 1 5 A . l   S o u r c e .  The A I 8  f r a m e   s h a l l   e x i s t   i n  t h e  d o u n l i n k   t e l e m e t r y  
e x c l u s i v e l y   a s  a r c s u ' l t   o f  S / C  t a p e   r e c o r d e r   p l a y b a c k .  

3 . 9 . 1 5 A . 2   S D a c e c r a f t   C l o c k   P r o g r e s s i o n .  T h e  SCLK ( s e e  p a r a g r a p h   3 . 9 . 2 . 3 )   i n  
s u c c e s s i v e   f r a m e s   s h a l l   i n c r e m e n t   a s   s h o w n   i n   T a b l e   2 2 6 .  
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T a b l e   2 2 8 .  A 1 8  S p a c e c r a f t   C l o c k   P r o g r e s s i o n  

I R I M  I H O D 9 1  I MOD10 I HODS I P i c t u r e  I L i n e  I 

I i I o I o 1 0 , 1 , 2 ,  . . . ,  7 1  0 I 0 , 1 , 2 ,  . . . ,  15 I 
I i I o I 1 l 0 . 1 . 2 ,  . . . ,  7 1  0 I 1 6 , 1 7 , 1 8 ,  . . . ,  31 I 

"""""""""""""""""""""""~"""""~"""----- 
I ""- I """- I """_ I """"""" I """"_ I """_ -"-"--------- I 

1 . 1  - I * I I .  I I 
1 . 1  - I - I I -  I I 
1 . 1  - I - I I .  I I 

1 . 1  I * I I '  I I 
1 . 1  * I * I I .  I I 
1 . 1  - I - I I .  I I 

1 . 1  * I - I I -  I I 
1 . 1  - I * I I .  I I 
1 . 1  - I * I I .  I I 

1 . 1  - I - I I .  I I 
1 . 1  - I - I . I  - I I 
1 . 1  * I - I I .  I I 

I ""- I ""-" I -""" I """"""" I """"_ I """"--"---~""" I 

I i I 0 I 9 ) 0 , 1 , 2  , . . . ,  7 1  0 I 1 4 4 , 1 4 5 , 1 4 6 ,  . . . ,  1 5 9  ' 1  
I i I 1 I o . ) 0 , 1 , 2 ,  . . . ,  7 I 0 I 1 6 0 , 1 6 1 , 1 6 2 ,  . . . ,  1 7 5  1 

1 i I 3 I 9 l o , 1 , 2 ,  . . . ,  7 1  0 I 6 2 4 , 6 2 5 , 6 2 6 ,  . . . ,  6 3 9  I 
I i I 4 I 0 / 0 , 1 , 2 ,  . . . ,  7 1  1 I 0 , 1 , 2 ,  . . . ,  15 I 

I i I 6 I 9 1 0 , 1 , 2 ,  . . . ,  7 1  1 I 4 6 4 , 1 6 5 , 4 6 6 ,  . . . ,  4 7 9  I 
I i I 7 I 0 1 0 , 1 , 2 ,  . . . ,  7 1  2 I 0 , 1 , 2 ,  . . . ,  1 5  I 

I i I 9 0  I 9 ) 0 , 1 , 2 ,  . . . ,  7 I 2 6  I 4 6 4 , 4 6 5 , 4 6 6 ,  . . . ,  4 7 9  I 

m 3 . 9 . 1 5 A . 3   E m b e d d e d   F r a m e   B u i l d  U D .  The A 1 8  f r a m e   c o n t a i n s   t w o   e m b e d d e d  d a t a  
t y p e s :  LRS and  NIMS. Each  o f  these  d a t a   t y p e s   s h a l l   b e   b u i l t   i n t o  
s t r u c t u r e s   i d e n t i c a l   t o   t h e i r   r e a l - t i m e   e q u i v a l e n t .  

3 . 9 . 1 5 A . 3 . 1  LRS. The embedded LRS d a t a  i s  a s   d e s c r i b e d   i n   p a r a g r a p h  
3 . 9 . 1 5 . 3 . 1 .  

3 . 9 . 1 5 A . 3 . 2  N I H S .  The  embedded N I H S  d a t a  i s  a s   d e s c r i b e d   i n  
p a r a g r a p h   3 . 9 . 1 5 . 3 . 2 .  
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3 . 9 . 1 6  P U B  - P U S  R e c o r d e d   a t   8 0 6 . 4   k b / s  

T h e  PU8 f r a m e   s h a l l   b e   u s e d   t o   r e c o r d  P U S  d a t a   a t   8 0 6 . 4   k b l s .  The 
s c h e m a t i c   o f  t h e  P U 8  f r a m e   i s   s h o w n   i n   F i g u r e   1 9   a n d   d e s c r i b e d  i n  
g r e a t e r   d e t a i l   i n   T a b l e   2 3 .  

.............................. 

I I I I I I 

I I LRS I NlMS I I 
I I I I I I 

I 

I 9 6  I 6 4  I 9 6  I 6 4  I 6 4 0 0  I 

( H E A D E R (  1 / 6 0  I 1 / 8  I F I L L E R  I P U S  1 

I """ I """ I """"""" I """ ""- I """""""""-1 

F i g u r e   1 9 .  P U 8  Frame 

T a b l e   2 3 .  P U 8  Format 
"""""""""""""""""""""""""""""""""- 

I - B i t s  Bits O f f s e t   t o  I 
I D a t a   D e s c r i D t i o n  Frame - S e c  D a t a   S t a r t  P a r a s r a D h  I 
I I 

I 
I I 

I 
I I 

I 
I I 
I P U S  6 4 0 0  7 6 8 0 0 0   3 2 0   A 2 . 1 1  I 
I 
I 

I 

I - """_ """""-"" """""""""""""" ""- "" -""" I 
I 

I H e a d e r  9 6  1 1  5 2 0  0 3 . 9 . 2  I 
I 1 / 6 0   L o w - R a t e   S c i e n c e  6 4   7 6 8 0  9 6   3 . 9 . 4  

I 1 / 8  N I M S  9 6   1 1 5 2 0  1 6 0   A 2 . 8  

I F i l l e r   D a t a  6 4   7 6 8 0  2 5 6  

"" """ 

6 7 2 0   8 0 6 4 0 0  I 

I Frame T i m e  = 0 . 0 0 8  1 / 3   s e c o n d  
I "" """""""""""" ""_ """"""""""""""""" I 

3 . 9 . 1 6 . 1   S o u r c e .  T h e  P U B  f r a m e   s h a l l   e x i s t   i n  the  d o w n l i n k   t e l e m e t r y  
e x c l u s i v e l y  a s  a r e s u l t   o f  S / C  t a p e   r e c o r d e r   p l a y b a c k .  

3 . 9 . 1 6 . 2   S D a c e c r a f t  C l o c k   P r o n r e s s i o n .  T h e  SCLK ( s e e  p a r a g r a p h   3 . 9 . 2 . 3 )   i n  
s u c c e s s i v e  f r a m e s   s h a l l   i n c r e m e n t  a s  d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 1 5 . 2 .  

3 . 9 . 1 6 . 3   E m b e d d e d   F r a m e   B u i l d  U D ~  T h e  PULI f r a m e   c o n t a i n s   t w o   e m b e d d e d   d a t a  
t y p e s :  LRS a n d  NIMS. E a c h   o f  these d a t a   t y p e s   s h a l l   b e   b u i l t   i n t o  
s t r u c t u r e s   i d e n t i c a l  t o  t h e i r   r e a l - t i m e   e q u i v a l e n t .  

3 . 9 . 1 6 . 3 . 1  LRS. Each P U B  f r a m e   c o n t a i n s   o n e   s e g m e n t   o f   a n  LRS f r a m e .   E i g h t y  
( 8 0 )  s e g m e n t s   a r e   r e q u i r e d   t o   c r e a t e   t h e   r e a l - t i m e   e q u i v a l e n t  L R s  
f r a m e  a s  d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 1 5 . 3 . 1 .  

3 . 9 . 1 6 . 3 . 2  WIMS. Each P U 8  f r a m e   c o n t a i n s  one s e g m e n t   o f  a N I M S  r e a l - t i m e  
f r a m e .  E i g h t  ( 8 )  t e g m e n t a  a r e  r e q u i r e d  t o  c r e n t e  t h e  r e a l - t i m e  
e q u i v a l e n t  WlWS f r a m e  a s  d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 1 5 . 3 . 2 .  
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3 . 9 . 1 7  3W4 3 - om r s e 

The IW4 f r a m e   s h a l l   b e   u s e d   t o   r e c o r d  S S I  d a t a   a t   4 0 3 . 2   k b / s .  The 
s c h e m a t i c   o f  the  I n 4   f r a m e  i s  s h o w n   i n   F i g u r e   2 0   a n d   d e s c r i b e d  i n  
g r e a t e r   d e t a i l   i n   T a b l e   2 4 .  

I I I I I I 

I I LRS I N I M S  I I M A G I N G  I S O L O U O N  I 
I I I I ( P A R I T Y  I 
I I I I ~ S Y U B O L S  I 
I I I I I I 

"""""""""""""""""""""""""-""" 
( H E A D E R  I 1 / 8 0  I 1/11 I COMPRESSED ( R E E D  I 

I 9 6  I 6 4  I 9 6  I 2 5 9 2  I 5 ' 2  I 
I """ I """ I """"" I """""""""""" I -""" I 

F i g u r e   ' 2 0 .  1M4 Frame 

T a b l e   2 4 .  IW4 Format 
-""""""""""""""""""""""""""""""""" 

I - B i t s  Bit_s O f f s e t   t o  I 
I D a t a   D e s c r i D t i o n  Frame Sec  D a t a   S t a r t   P a r a s r a p h  I 

I I 

I I 

I I 

I I 

I 3 3 6 0   4 0 3 2 0 0  I 
I """"""""""""""""""""""""""""""""- "I 

I Header  9 6  1 1 5 2 0  0 3 . 9 . 2  I 
[ 1 / 8 0  L o n - R a t e   S c i e n c e  6 4  7 6 8 0  9 6  3 . 9 . 4  I 

I 1 / 8  N l U S  9 6  1 1 5 2 0  160  A 2 . 8  I 

I C o m p r e s s e d   I m a g i n g  2 5 9 2  3 1   1 0 4 0  2 5 6  A 2 . 1 2  I 
I R e e d   S o l o m o n   P a r i t y  5 1 2  6 1 4 4 0  2 8 4 8  I 
I S y m b o l s  "" """ I 

1 Frame T i m e  = 0 . 0 0 8  1 / 3   s e c o n d  I 
I -"" ""- - ...................... - """"-" I 

3 . 9 . 1 7 . 1   S o u r c e .  T h e  lW4 f r a m e   s h a l l   e x i s t   i n  t h e  d o u n l i n k   t e l e m e t r y  
e x c l u s i v e l y   a s  a r e s u l t   o f   S / C   t a p e   r e c o r d e r   p l a y b a c k .  

3 . 9 . 1 7 . 2   S D a c e c r a f t  Clock P r o s r e s s i o n .  T h e  SCLK ( s e e  p a r a g r a p h   3 . 9 . 2 . 3 )  i n  
s u c c e s s i v e  f r a m e s   s h a l l   i n c r e m e n t  a s  d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 1 5 . 2 .  

3 . 9 . 1 7 . 3   E m b e d d e d   F r a m e   B u i l d  U D .  T h e  IW4 f r a m e   c o n t e i n s   t n o   e m b e d d e d   d a t a  
t y p e s :  LRS a n d  NIWS. E a c h   o f  these  d a t a   t y p e s   s h a l l   b e   b u i l t   i n t o  
s t r u c t u r e s   i d e n t i c a l   t o   t h e i r   r e a l - t i m e   e q u i v a l e n t .  

3 . 9 . 1 7 . 3 . 1  LRS. Each lM4 f r a m e   c o n t a i n s   o n e   s e g m e n t  of  a n  LRS f r a m e .   E i g h t y  
( 8 0 )  s e g m e n t s   a r e   r e q u i r e d   t o   c r e a t e  t h e  r e a l - t i m e   e q u i v a l e n t  L R s  
f r a m e   a s   d e s c r i b e d   i n   p a r e g r a p h   3 . 9 . 1 5 . 3 . 1 .  

3 . 9 . 1 7 . 3 . 2  NIWS. E a c h   I n 4   f r a m e   c o n t a i n s   o n e   s e g m e n t   o f  a NIMS r e a l - t i m e  
f r a m e .   E i g h t  ( 8 )  s e g m e n t s   a r e   r e q u i r e d  t o  c r e a t e  t h e  r e a l - t i m e  
e q u i v a l e n t  NlWS f r a m e   a s   d e s c r i b e d   i n   P a r a g r a p h   3 . 9 . 1 5 . 3 . 2 .  
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3 . 9 . 1 8  PU4 - PUS R e c o r d e d   a t   4 0 3 . 2   k b / s  

T h e  PU4 f r a m e   s h a l l   b e   u s e d   t o   r e c o r d  P U S  d a t a   a t   4 0 3 . 2   k b / s .  The 
s c h e m a t i c   o f  t h e  PU4 f r a m e   i s   s h o w n   i n   F i g u r e   2 1   a n d   d e s c r i b e d  i n  
g r e a t e r   d e t a i l   i n   T a b l e   2 5 .  

"""""""""""""""""""""""""""-" 
I I I I I 

I I LRS I N I M S  I I 
I I I I I 

( H E A D E R (  1 / 8 0  I 1 1 8  I PUS I 

I 9 6  I 6 4  I 9 6  I 3106  I 
I """ I """ I """"" I """"""""""""" """I 

F i g u r e   2 1 .  PU4 Frame 

T a b l e   2 5 .  PU4 Format  

I 
1 D a t a   D e s c r i D t i o n   F r a m e   S e c   D a t a   S t a r t   P a r a s r a D h  I 

I I 

I I 

I I 
I P U S  3 1 0 1   3 7 2 4 8 0   2 5 6   A 2 . 1 1  I 

"""""""""""""""""""""""""""""""""- 
B i t s  Bits O f f s e t  t o  I 

I H e a d e r   9 6   1 1 5 2 0  0 3 . 9 . 2  I 

I 1 / 8 0   L o w - R a t e   S c i e n c e   6 4   7 6 8 0   9 6   3 . 9 . 4  1 

I 1 / 8  NIMS 9 6   1 1 5 2 0   1 6 0   A 2 . 8  I 

"" """ 

3 3 6 0   4 0 3 2 0 0  

I Frame Time = 0 . 0 0 8   1 1 3   s e c o n d  I 
I """"- ............................. I 

3 . 9 . 1 8 . 1   S o u r c e .  T h e  PU4 f r a m e   s h a l l   e x i s t   i n  t h e  d o w n l i n k   t e l e m e t r y  
e x c l u s i v e l y   a s  a r e s u l t   o f  S / C  t a p e   r e c o r d e r   p l a y b a c k .  

3 . 9 . 1 8 . 2   S p a c e c r a f t  C l o c k   P r o a r e s s i o n .  T h e  SCLK ( s e e  p a r a g r a p h  3 . 9 . 2 . 3 )  i n  
s u c c e s s i v e  f r a m e s   s h a l l   i n c r e m e n t   a s   d e s c r i b e d   i n   p a r a g r a p h  3 . 9 . 1 5 . 2 .  

3 . 9 . 1 8 . 3   E m b e d d e d   F r a m e   B u i l d  U D .  T h e  PU4 f r a m e   c o n t a i n s  t u 0  e m b e d d e d   d a t a  
t y p e s :  LRS and  N I M S .  E a c h   o f  these  d a t a   t y p e s   s h a l l   b e   b u i l t   i n t o  
s t r u c t u r e s   i d e n t i c a l   t o   t h e i r   r e a l - t i m e   e q u i v a l e n t .  

3 . 9 . 1 8 . 3 . 1  L R S .  Each PU4 f r a m e   c o n t a i n s   o n e   s e g m e n t   o f   a n ' L R S   f r a m e .   E i g h t y  
( 8 0 )  s e g m e n t s   a r e   r e q u i r e d   t o   c r e a t e  the  r e a l - t i m e   e q u i v a l e n t  LRS 
f r a m e   a s   d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 1 5 . 3 . 1 .  

3 . 9 . 1 8 . 3 . 2  N I M S .  Each PU4 f r a m e   c o n t a i n s   o n e   s e g m e n t   o f  a N I M S  r e a l - t i m e  
f r a m e .   E i g h t   ( 8 1 ,   s e g m e n t s   a r e   r e q u i r e d   t o   c r e a t e  t h e  r e a l - t i m e  
e q u i v a l e n t  WINS f r a m e  a s  d e s c r i b e d   i n   p a r a g r a p h   3 . 9 . 1 5 . 3 . 2 .  
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3 . 9 . 1 9  B P B  - B a c k u D   S c i e n c e .   P l a y b a c k  

T h e  B P B  f r a m e   s h a l l   b e   u s e d   t o  c a r r y  S / C  t a p e   r e c o r d e r   p l a y b a c k   d a t a  
t o  t h e  g r o u n d .  T h e  s c h e m a t i c  o f  t h e  B P B  f r a m e  i s  s h o u n   i n   F i g u r e   2 2  
a n d   s h o u n   i n   g r e a t e r   d e t a i l   i n  T a b l e   2 6 .  

I H E A D E R  I 1 / 1 0  LRS I P L A Y B A C K  I 
"""""""_""""""""""""""""- 

I I I I 
I 9 6  I 5 1 2  I 5 1 2  I 

F i g u r e   2 2 .  B P B  Frame 

T a b l e   2 6 .  B P B  Format 

I - O f f s e t  t o  I 
I D a t a   D e s c r i p t i o n  Frame Sec  D a t a   S t a r t   P a r a c l r a p h  ] 

.................................. 

B i t s  B i t s  - 
I H e a d e r   9 6   1 4 4 0  0 3 . 9 . 2  I 
I 

I 
I 1 / 1 0   L o u - R a t e   S c i e n c e  5 1 2   7 6 8 0  9 6   3 . 9 . 4  

I P l a y b a c k   d a t a  5 1 2   7 6 8 0  6 0 8   V a r i o u s  
"" ""_ 
1 1 2 0   1 6 8 0 0  

-I"""""""""""""""""""""""""""""""""-l 

I"""""""""""""""""""""""""""""""""-l 
I Frame Time = 0 . 0 6 6   2 / 3   s e c o n d  I 

3 . 9 . 1 9 . 1  

3 . 9 . 1 9 . 2  

3 . 9 . 1 9 . 3  

S o u r c e .  T h e  B P B  f r a m e   s h a l l   e x i s t   i n   t h e   d o u n l i n k   t e l e m e t r y  
e x c l u s i v e l y   i n   r e a l - t i m e .  

S p a c e c r a f t  C l o c k   P r o g r e s s i o n .  The SCLK ( s e e  p a r a g r a p h   3 . 9 . 2 . 3 )   i n  
s u c c e s s i v e  f r a m e s   s h a l l   i n c r e m e n t  a s  d e s c r i b e d  i n   p a r a g r a p h   3 . 9 . 5 . 2 .  

Embedded  Frame  Bui lduD.  T h e  B P B  f r a m e   c o n t a i n s   e m b e d d e d  LRS d a t a .  
T h i s  d a t a   s h a l l   b e   b u i l t   i n t o  a s t r u c t u r e   i d e n t i c a l   t o   i t s   r e a l - t i m e  
e q u i v a l e n t   a s   d e s c r i b e d   i n   p a r a g r a p h  3 . 9 . 5 . 3 .  
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3 . 9 . 2 0  MPR - M e d i u m - R a t e   S c i e n c e .   P r o b e   D a t a .  

T h e  MPR f r a m e   s h a l l   b e   u s e d   f o r   a c q u i r i n g  N I M S  a n d   P r o b e   d a t a  f o r  
r e a l - t i m e  t r a n s m i s s i o n   a n d   r e c o r d i n g  t h e  d a t a   o n  t h e  S / C  t a p e  
r e c o r d e r .  T h e  s c h e m a t i c   o f  the  MPR f r a m e  i s  s h o u n   i n   F i g u r e  2 3  and 
d e s c r i b e d  i n   g r e a t e r   d e t a i l   i n   T a b l e   2 7 .  

I I I I I I 

I I LRS I I G O L A Y  SYMBOLS* I I 
I I I I I I 

I """ I """ I """"""" I """""""""" I """"" I 

"""""""""""""""""""""""""""-"~" 
 HEADER^ 1 / 1 0  I w Ins I P R O B E  O R  I F I L L E R  I 

I 9 6  I 5 1 2  I 7 6 8  I 4 3 2  I 1 1 2  I 

* D a t a   i n   e v e n   m i n o r   f r a m e s ;   p a r i t y   i y m b o l o   i n   o d d   m i n o r   f r a m e s  

F i g u r e  2 3 .  MPR Frame 

T a b l e   2 7 .  MPR Format  
""""""""""""""""""""""""""""-""""" 

I B i t s  Bits O f f s e t  t o  I 
I D a t e   D e s c r i v t i o n  Frame Sec D a t a   S t a r t   P a r a a r a D h  I 

I I 
I 

I I 
I 

I I 
I 
I 

I I 
I 

1 H e a d e r  9 6   1 4 4 0  0 3 . 9 . 2  I 
I 1 / 1 0   L o u - R a t e   S c i e n c e  5 1 2   7 6 8 0  9 6   3 . 9 . 4  

I NIMS 7 6 8   1 1 5 2 0  6 0 8   A 2 . 8  

I P r o b e   o r  G o l a y  p a r i t y  4 3 2   6 4 8 0  1 3 7 6   A 2 . 1 4  
1 s y m b o l s  

I F i l l e r   D a t a   1 1 2   1 6 8 0   1 8 0 8  
"" ""_ 
1 9 2 0   2 8 8 0 0  

I -"""-"""-"-"""""""""""-"""- """" - """"" I 
I 

I" "" """"""""""""""""""""- """""""""" I 
I F r a m e   T i n e  = 0 . 0 6 6  2 / 3  s e c o n d  

3 . 9 . 2 0 . 1   S o u r c e .  T h e  MPR f r a m e   s h a l l   e x i s t   i n  the  d o w n l i n k   t e l e m e t r y   e i t h e r  
i n   r e a l   t i m e  o r  a s  a r e s u l t   o f  S / C  t a p e   r e c o r d e r   p l a y b a c k .  

76 



GLL-3-280 Rev. D 

3 . 9 . 2 0 . 2  S D a c e c r a f t   C l o c k   P r o g r e s s i o n .  T h e  SCLK ( s e e  p a r a g r a p h  3 . 9 . 2 . 3 )  i n  
s u c c e s s i v e   f r a m . e s   s h a l l   i n c r e m e n t   a s   s h o w n   b e l o w :  
........................... 

I ""- R I  M """"_ 
I 

MoD-91"""" MODlO""""_ MOD8"" I 
I 

I i 0 1 0 I 
I I 
I 
I 

I 
I 

I i 0 9 0 I 
I i 1 0 0 I 
I i 1  1 0 I 
I I 
I I 
I I 
I i 9 0  8 0 I 
I i 9 0  9 0 I 
I i + l  0 ' 0  0 I 
I I 
I I 
I """"""""""""~"""""""""""""-- I 

I i ( i = a n y )  0 0 0 I 

3 . 9 . 2 0 . 3  Embedded  Frame B u i l d  U D .  T h i s   f r a m e   c o n t a i n s   e m b e d d e d  L R S  d a t a .  
T h i s   d a t a   s h a l l   b e   b u i l t   i n t o  a s t r u c t u r e   i d e n t i c a l   t o  i t s  r e a l  t ime  
e q u i v a l e n t .  

The CDS s h a l l   e m b e d  1 / 1 0  o f  a LRS f r a m e  ( 5 1 2  b i t s )   i n t o   e a c h   o f   t h e s e  
f r a m e s .   T h e r e   s h a l l   b e  a d e l a y   o f   o n e  LRS f r a m e  t ime  b e t w e e n   t h e  
c o l l e c t i o n   a n d   e m b e d d i n g   o f   t h e  LRS d a t a .  As a r e s u l t   o f  t h i s  d e l a y ,  
t h e  r e l a t i o n s h i p   b e t w e e n  t h e  SCLK i n  t h e  f r a m e   a n d  t h e  S C L K  i n   t h e  
embedded  LRS f r a m e   s h a l l   b e   a s   s h o w n   b e l o w :  

F r a m e   C o n t a i n i n q  1 / 1 0  LRS Frame  Embedded LRS Frame 

R I M  MOD91 M O D l O  M O D 8  R I M  MOD91 MODlO M O D E  

i 0 0 0 
i 1 0 0 
i 2 0 0 

i 9 0  0 0 

i - 1  9 0  0 0 
i 0 0 0 
i 1 0 0 

i 89 0 0 

The e x p r e s s i o n s   f o r   c o m p u t i n g  the embedded LRS m i n o r   f r a m e   a n d  
s e g m e n t   n u m b e r   w i t h i n  the  f r a m e   a r e :  

- 
1-900 + 10*MOD 9 1  + MOD10 I 

S = R e m a i n d e r   o f  1 -  9 1 0  - 1  

LRS Minor  Frame = I n t e g e r   p o r t i o n  t S / 1 0 1  
LRS S e g m e n t  Number = R e m a i n d e r   o f  t S / 1 0 1  
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3 . 9 . 2 0 . 4   P r o b e   D a t a   S y n c h r o n i z a t i o n .  T h e  MPR f r a m e s   a 1 t e . r n a t e l y   c o n t a i n   P r o b e  
d a t a   a n d   G o l a y   p a r i t y   s y m b o l s .  The t a b l e   b e l o w   i n d i c a t e s  t h e  SCLK 
v a l u e   c o r r e s p o n d i n g   t o   e i t h e r  t h e  P r o b e   d a t a  o r  G o l a y   p a r i t y   s y m b o l s .  

R I M  M O D 9 1  M O D l O  M O D 8  D a t a   T y p e  

3 . 9 . 2 1  

i 
I '  
i 

i 

0 0 0 
1 0 0 
2 0 0 

9 0  0 0 

P r o b e  
Go 1 a y  
P r o b e  

G o l a y  

T h e  e x p r e s s i o n   c o r r e s p o n d i n g   t o  t h e  a b o v e   t a b l e  i s  
- - 

I MODlO I = O  P r o b e   d a t a  
R e m a i n d e r   o f  1 -  2 - 1  = l  G o l a y  p a r i t y   s y m b o l s  

K P R  - KeeD A l i v e   P o w e r  On Reset ,  

T h e  K P R . f r a m e   s h a l l   c o n s i s t   e x c l u s i v e l y   o f   a l t e r n a t e   1 - 0   d a t a   a t  4 0  
b / s .  

3 . 9 . 2 1 . 1   S o u r c e .  The K P R  f r a m e   s h a l l   e x i s t   i n  t h e  d o w n l i n k   t e l e m e t r y   a s  a 
r e s u l t   o f   s p a c e c r a f t   f a i l u r e  w h i c h  h a s   a l l o w e d   p o w e r   t o   t h e  C D S  
m e m o r i e s   t o   b e   i n t e r r u p t e d .  The K P R  f r a m e   s h a l l   b e   o u t p u t   f r o m   t h e  
CDS a t  t h e  h i g h   r a t e   c h a n n e l   a n d  low r a t e   c h a n n e l   i n t e r f a c e s   t o   t h e  
MDS. T h e  K P R  f r a m e   c a n   a p p e a r   i n  the  d o w n l i n k  a s  u n c o d e d   o v e r   S - b a n d  
o r   ( c o n v o l u t i o n a l l y )   c o d e d   o v e r   e i t h e r   S - b a n d   o r   X - b a n d ,   d e p e n d i n g   o n  
t h e   s t a t e   o f  t h e  MDS. Note t h e t  the  K P R  mode w i l l   e x i s t   i n   t h e  
d o w n l i n k   t e l e m e t r y   w h e n e v e r  t h e  CDS e x p e r i e n c e s  a p o w e r   o n   r e s e t  
( P O R ) ,  b u t  t h i s  e x i s t e n c e   w i l l   b e   t r a n s i t o r y   s i n c e  t h e  COS u i l l  
r e s t a r t   t e l e m e t r y   u p o n   r e c o v e r i n g   f r o m  a P O R .  

3 . 9 . 2 1 . 2   S D a c e c r a f t   C l o c k   P r o g r e s s i o n .   N o t   a p p l i c a b l e   s i n c e  the  K P R  f r a m e  
d o e s   n o t   c o n t a i n  a h e a d e r .   R e c o v e r y   f r o m  a f a i l u r e   u h i c h   h a s  
i n t e r r u p t e d  CDS m e m o r y   p o w e r   r e q u i r e s   t h a t  t h e  g r o u n d   r e - e s t a b l i s h  
m e m o r y   c o n t e n t s   i n c l u d i n g  t h e  S C L K ,  r e i n s t a t e  t h e  c o n f i g u r a t i o n ,   a n d  
t h e n   r e l e a s e  t h e  K A P O R  l o c k o u t   o f  t h e  C D S .  T h i s   r e c o v e r y   s e q u e n c e  
w i l l   r e s t a r t  t h e  s p a c e c r a f t   t e l e m e t r y   w h i c h   h a s  t h e  SCLK i n c r e m e n t i n g  
i n  t h e  n o r m a l   m a n n e r   d e f i n e d   i n   T a b l e  7 .  

3 . 9 . 2 2  L M F  - Launch  Memory F a i l u r e .  

T h e  L M F  f r a m e   s h a l l   c o n s i s t   o f   a n   i n d e t e r m i n a t e   d a t a   p a t t e r n   a t  6 0 0  
b p s .  

3 . 9 . 2 2 . 1   S o u r c e .  T h e  L M F  f r a m e   s h a l l   e x i s t   i n  t h e  t e l e m e t r y   t h r o u g h  t h e  
a t t a c h e d   l a u n c h   v e h i c l e  a s  a r e s u l t   o f   s p a c e c r a f t   f a i l u r e   u h i c h   h a s  
e l l o w e d  power  t o  the  CDS m e m o r i e s   t o   b e   i n t e r r u p t e d .  

3 . 9 . 2 2 . 2   S D a c e c r a f t   C l o c k   P r o n r e s s i o n .   N o t   a p p l i c a b l e   s i n c e  the  L M F  f r a m e  

78 
d o e s   n o t   c o n t a i n  a h e a d e r .  
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A P P E N D I X  A 
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A 1  . O  

A 2 . 0  

A 2 . 1  

A 2 . 2  

S C O P E  

T h i s  d o c u m e n t   e s t a b l i s h e s  t h e  G a l i l e o  ( G L L )  O r b i t e r   r e q u i r e m e n t   f o r  
t e l e m e t r y   m e a s u r e m e n t s .  

T E L E M E T R Y  F R A M E  F O R M A T  C O M P O N E N T S  

G e n e r a l  

T h e   f o l l o w i n g   p a r a g r a p h s   c o n t a i n  t h e  s t r u c t u r e   a n d   c o n t e n t s  o f  t h e  
e l e m e n t s   c o m p r i s i n g  t h e  v a r i o u s   d a t a   f o r m a t s   f o u n d   i n   G L L - 3 - 2 8 0 ,  
p a r a g r a p h  3 . 9 .  

E n a i n e e r i n q   D a t a  

T h e  e n g i n e e r i n g   d a t a   s h a l l   c o n t a i n  a f i x e d   a r e a   a n d  a v a r i a b l e   a r e a  
a l l o c a t i o n   f o r   m e a s u r e m e n t   s a m p l i n g .  T h e  f i x e d   a l l o c a t i o n   s h a l l   b e  
i n v a r i e n t   u n d e r   a 1 1  t h e  G L L  m i s s i o n   p h a s e s .  

The v a r i a b l e   a r e a   a l l o c a t i o n   s h a l l   a c c o m m o d a t e  t h e  v a r i o u s   m i s s i o n  
p h a s e   s a m p l i n g   r e q u i r e m e n t s   i n c l u d i n g   a n o m a l y   i n v e s t i g a t i o n s ,   s p e c i a l  
t e s t s ,  s p a c e c r a f t   s y s t e m  t e s t ,  a n d   p e r f o r m a n c e   m o n i t o r i n g .   T h e  
e n g i n e e r i n g   d a t a   s h a l l   b e   a l l o c a t e d   a s   s h o w n   i n   F i g u r e   A 2 . 2 . 1   a n d  
d e s c r i b e d   i n   g r e a t e r   d e t a i l   i n   T a b l e   A 2 . 2 . 1 .  

F i g u r e   A 2 . 2 . 1 .   E n g i n e e r i n g   D a t a  

A 2 . 2 . 1   M e a s u r e m e n t   P o s i t i o n   I d e n t i f i c a t i o n .   I n   o r d e r   t o   a s s i g n   m e a s u r e m e n t s  
t o   t h e   e n g i n e e r i n g   d a t a   a l l o c a t i o n ,   i t   i s   n e c e s s a r y   t o   d e s c r i b e  t h e  
S t r u c t u r e   a n d   p l a c e m e n t   o f   m e a s u r e m e n t s   o n  the  s t r u c t u r e .   he 
d e s c r i p t i o n   m u s t   s u p p o r t   t h e   a b i l i t y   t o  command c o m m u t a t i o n  map 
c h a n g e s   a n d   t o   i d e n t i f y   m e a s u r e m e n t   p o s i t i o n   w i t h i n   t h e   s t r u c t u r e .  

U i t h i n   t h e   f i x e d   a r e a   a n d   v a r i a b l e   a r e a ,   t h e   s t r u c t u r e   l o c a t i o n   s h a l l  
b e   a s   d e s c r i b e d   i n   t h e   f o l l o w i n g   p a r a g r a p h s .  

A 2 . 2 . 1 . 1   F i x e d - A r e a   A l l o c a t i o n .   U s i n g   t h e   e x a m p l e   i n   F i g u r e   A 2 . 2 . 2   f r o m  
HLMlA, t h e  r e s u l t i n g   s t r u c t u r e   a n d   r u l e s   f o r   c r e a t i n g  the s t r u c t u r e  
i d e n t i f i e r s   a r e   h i g h l i g h t e d .  

T h e   r u l e s   a n d   l e g a l   v a l u e s   f o r   c r e a t i n g   t h e   i d e n t i f i e r s   a r e   s h o w n   i n  
T a b l e   A 2 . 2 . 2 .  
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T a b l e   A 2 . 2 . 1 .   E n g i n e e r i n g   D a t a  

I Bits O f f s e t   t o  I 
I D a t a   D e s c r i p t i o n  F r a m e   D a t a   S t a r t   P a r a g r a p h  1 ,  
I """""""""_""""""""""""""""""""""" "-1 
I I 

""""""""""""""""""""""""""""""""---- 

I H i g h  L e v e l   M o d u l e   ( H L H ) l A  4 0  0 A 2 . 2 . 2  I 
I D a t a  

I Lou  Leve l   Module   (LLH) lA  48  4 0  A 2 . 2 . 3  I 
I D a t a  I 

I L L H  Z A  D a t a   1 6   8 8  A 2 . 2 . 4  I 

I H L M  1 6  D a t a  4 0  1 0 4   A 2 . 2 . 5  I 

I L L H  1 6   D a t a   4 8   1 4 4   A 2 . 2 . 6  I 

I L L H  2 6  D a t a   1 6   1 9 2  A Z .  2 . ?  I 

I A A C S  D a t a   1 2 8   2 0 8 .   A 2 . 2 . 8  I 

I s p a r e  8 3 3 6  I 

I I .  
I I 

I I 

I I 

I I 

I I 

I I 

I I 

01  I P a c k e t - 1  

- I P a c k e t - 2  

I P a c k e t - 3  

I P a c k e t - 4  

I P a c k e t - 5  

I P a c k e t - 6  

I P a c k e t - 7  

I P a c k e t - 8  

I P a c k e t - 9  

I 

I 

I 

I 

I 

I 

I 

4 0  3 4 4  A 2 . 2 . 1 1  I 
I 

4 0  3 8 4   A 2 . 2 . 1 1  I 

4 0  

4 0  

4 0  

4 0  

4 0  

I 

I 

I 

I 
5 4 4   A 2 . 2 . 1 1  I 

I 

4 2 4  A 2 . 2 . 1 1  I 

4 6 4   A 2 . 2 . 1 1  I 

5 0 4  A 2 . 2 . 1 1  I 

5 8 4   A 2 . 2 . 1 1  I 

4 0  6 2 4  A 2 . 2 . 1 1  

4 0   6 6 4   A Z . 2 . 1 1  
"- 
7 0 4  

I" ................................. I 

e 
8 1  
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( 1 )  
H L M - 1 A   N 1 F  

I I 
0 5  I I I I I 

9 0  I I I I 

e 

N O T E S :   ( 1 )   T H I S   S U B C O M   ( N l F )  I S  O F   L E N G T H   9 1   ( s N 1 8 ) ,  I S  T H E  
F I R S T   S U B C O M   O F   T H I S   T Y P E   I N   H L M l A  ( 1 1 1 8 1 ) ,  A N D  I S  
F O U R   B Y T E S   U I D E .  

( 2 )  T H I S   I D E N T I F I E S   T H E   S U B C O M   P O S I T I O N .  

( 4 )  A M E A S U R E M E N T   I N   T H I S   P O S I T I O N  I S  I D E N T I F I E D  AS 
H L M l A   N l F 0 3  3 .  T H E   M E A S U R E M E N T   C O N S I S T S   O F  16 
B I T S .  

( 5 )  A M E A S U R E M E N T   I N   T H I S   P O S I T I O N  I S  I D E N T I F I E D  AS 
H L M 1 A   N l F 0 4  1 .  T H E   M E A S U R E M E N T   C O N S I S T S   O F  3 2  
B I T S .  

F i g u r e   A 2 . 2 . 2 .   F i x e d  A r e a  S t r u c t u r e / P o s i t i o n  I d e n t i f i e r s  
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T a b l e  A 2 . 2 . 2 .  F i x e d   A r e a   S t r u c t u r e / P o s i t i o n   I d e n t i f i e r s  

I I I I I I 
....................................... 

Item I d e n t i f i e r  I C o n t e n t s  I Meaning  I Comments I 
""""""""""""I """"" I """""" - I """"------------- I 

I I I I 
Module  I D  I A A C S  I l l d e n t i f i e s   t h e   m o d u l e 1  

I HLMlA I ! w h i c h  c r e a t e s   t h e  I 
I HLMlB I I f  i x e d  a r e a   p a c k e t .  I 
I LLMlA I I I 
I LLMlB I I I 

I 
I .  
I 
I 
I 
I 
I 
I 

I I I L L M Z A  I I I 
I I I L L M Z B  I I I 
I I I I I I 

I 
I I I T  I T h i r t e e n   I d e t a ;  e . g . ,  e v e r y  I 
I I I N  I N i n e t y  One  II ln*th   frame.  I 
I I I I I I 

I I Deck o f  t h i s  Type I I l c o m m u t a t o r   d e c k  I 
I I I I ( l e n g t h   a n d   u i d t h  I 
I I I I Icitems 2 and  4 ) .  I 
I I I I I I 

I I D  1 D o u b l e   B y t e  I I 
I I I F  I F o u r   B y t e  I I 
I ' I  I I I I 

I I Deck I I 
I I I I I I 
I I I I I 2  0 1  
I I I I I s  6 1  
I I I I I '  1 2  I 
I I I I I N  9 0  I 
I I I I I I 

I I C h a r a c t e r i s t i c  1 2  I S e c o n d   B y t e   ( s u b c o m s ,   t h i s  I 
I I 1 3  I T h i r d   B y t e   J i n d i c a t e s  t h e  I 
I I 1 4  I F o u r t h   B y t e   l p o s i t i o n   o f  t h e  I 
I I I I ~ m e a r u r c m e n t   i n  t h e  I 
I I I I J s u b c o m .   M e a s u r e m e n t s 1  
I I I I l c o n s i s t i n g   o f   m o r e  I 
I I I I 
I I I I J i d e n t i f i e d   b y   t h e  I 
I I I I 
I I I I 
I "" I """""""""""" I """"" I ""- """" I "" ----------------- I 

I 2 .  I Commutat ion   Deck  I z  I One ( I n d i c a t e s  t h e  r e p e t -  I 
I L e n g t h  I s  I S e v e n   l i t i o n   c y c l e   o f   t h e  I 

I 3 .  I Number o f   C o m m u t a t i o n  1 1  5 m 5 M I I S e q u e n t i a l   n u m b e r   o f  I 

'e I 
I 4 .  I C o m m u t a t i o n  Deck U i d t h  I S I S i n g L e   B y t e   ( U i d t h  o f  S t r u c t u r e  I 

I 5 .  I P o s i t i o n   i n   C o m m u t a t o r  I See   Comments  I Item 2 Maximum I 
V a l u e  I 

I 6 .  I U e a s u r e m e n t  I 1  I F i r s t   B y t e   I l n   m u l t i p l e   b y t e  I 

l t h a n   o n e   b y t e   a r e  I 

l p o s i t i o n  of  t h e   m o s t  I 
) s i g n i f i c a n t   b y t e .  I 
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A 2 . 2 . 1 . 2   V a r i a b l e - A r e a   A l l o c a t i o n .   U s i n g  t h e  e x a m p l e   i n   F i g u r e   A 2 . 2 . 3  f o r  a 
t y p i c a l  AACS v a r i a b l e   a r e a   p a c k e t ,  t h e  r e s u l t i n g   s t r u c t u r e   a n d   t h e  
r u l e s   f o r   c r e a t i n g   t h e   s t r u c t u r e / p o s i t i o n   i d e n t i f i e r s   a r e  
h i g h l i g h t e d .  

T h e   r u l e s   a n d   a l l o w e d   v a l u e s   f o r   c r e a t i n g   t h e   i d e n t i f i e r s   a r e   s h o w n  
i n   T a b l e   A 2 . 2 . 3 .  

P A C K E T  
( 1 )  

AACS-VOVS 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

NOTES 
( 1 )  T H E  ILLUSTRATED 5 B Y T E  P A C K E T  I S  T H E  N I N T H  ( " 0 9 " )  
V A R I A B L E  ( I I V " )  P A C K E T  F R O M  "AACS". E A C H  MEASUREMENT I S  
N O M I N A L L Y  O N E  B Y T E  ( " S " ) .  

( 2 )  A AEASUREMENT I S  P L A C E D  I N  POSITION a 2 "  O F  T H E  V A R I A B L E  
P A C K E T  

( a )  T O  I D E N T I F Y  A SINGLE B Y T E  ASSIGNMENT I N  THIS 
L O C A T I O N ,  T H E  POSITION I D E N T I F I E R  I S  

AACS-VO9S2F 
( b )  T O  I D E N T I F Y  A T U 0  B Y T E  ASSIGNMENT I N  THIS 

L O C A T I O N ,  T H E  POSITION I D E N T I F I E R  I S  
AACS-VO9SZD 

( c )  T O  I D E N T I F Y  O N E  H A L F  O F  A T U 0  B Y T E  ASSIGNMENT I N  
T H I S  L O C A T I O N ,  T H E  POSITION I D E N T I F I E R  I S  

AACS-VO9SZL ( L E F T  B Y T E )  O R  
AACS-VO9SZR ( R I G H T   B Y T E )  

F i g u r e . A z . 2 . 3 .   V a r i a b l e   A r e a   P a c k e t   S t r u c t u r e / P o r i t i o n   I d e n t i f i e r s  

e 
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II) T a b l e   A 2 . 2 . 3 .   V a r i a b l e   A r e a   P a c k e t   S t r u c t u r e / P o s i t i o n   I d e n t i f i e r s  

I t e m  I d e n t i f i e r   C o n t e n t s   M e a n i n g   C o m m e n t s  

I 1 I Module  I D  I A A C S  
--""""""""""""""""""""""""""""""""""- 

I l l d e n t i f i e s  t h e  m o d u l e  I 
I I  I H L M  1 A  I l w h i c h  c r e a t e s  t h e  I 
I I  I H L M  1 B  I I v a r i a b l e   a r e a  I 
I I  I L L M  1 A  I l p a c k e t  I 
I I  I L L M  1 B  I I 
I I  

I 

I I  I L L M  2B I I I 
I I  I I I I 

I L L M  2A I I I 

I 2 I V a r i a b l e  I V ( V a r i a b l e   a r e a ( U s e d   t o   d i f f e r e n t i a t e  I 
I I P a c k e t  I l p a c k e t   o f   l b e t w e e n   f i x e d   a r e a  I 
I I  I l l e n g t h  5 l a n d   v a r i a b l e   a r e a  I 
1 1  I I I 
I 1  I I I I p a c k e t s  
I 3 I P a c k e t  I O l ( n 2 1 6  I l l d e n t i f i e s  t h e  I 
I I number I I l s p e c i f i c   p a c k e t  I 
I I  I I ( w i t h i n   t h e   m o d u l e   o f  I 
I I  I I I i n t e r e s t  I 
1 1  I I I I 
I 4 I U i d t h  I s  I S i n g l e   B y t e  I I 
I I  
I I  
I I  I j u s t   i d e n t i f y   p a c k e t .  To i d e n t i f y  a I 

.................... 

I D e s c r i p t i o n   s t o p s   h e r e   i f   d e s i r e  i s  t o  I 

I s p e c i f i c   p o s i t i o n ,   t h e   r e m a i n i n g  items I 
I a r e   u s e d .  I 

I 1  
1 5 1  
I I  
I I  
1 6 1  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  

P a c k e t  I 1 5 p o s i -  I I P o s i t i o n   w i t h i n  
p o s i t i o n  I t i o n s  5 5 I l p a c k e t  

Measurement1  F 1 1  b y t e   m e a -  I 
C h a r a c t e r -  I I s u r e m e n t  I 
i s t i c  I I I 

I .................... I 

I I I 

I I I 
I D  12 b y t e   m e a -  I P a c k e t   p o s i t i o n  ( 4 
I l s u r e m e n t  I 
I I I 
I L  l L e f t   b y t e  I L e f t   b y t e  o f  2 b y t e  

I I l m e a s u r e m e n t   a s s i g n e d  
I I ! t o   s p e c i f i c   p a c k e t  
I I l p o s i t i o n  
I I i 
I R  I R i g h t   b y t e  I R i g h t   b y t e   o f  2 b y t e  

i I J m e a s u r e m e n t   a s s i g n e d  
I I I t o   s p e c i f i c   p a c k e t  
I I l p o s i t i o n  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I"-I """""" I """""""" I """"""_ I """"""""_""" I 
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H L M - 1 A  N 1 F  H L M - 1 A  N 1 S  

1 8 9  16 1 7   2 4  2 5  3 2  1 8 

0 0  I I I I I I  I 
I I I I I I  I 

01  I I I I I I  I 
I I I I I I  I 

0 2  I I I I I I  I 
I I I I I 1  I 

0 3  I I I I I I  I 

I I I I I 
0 5  I I I I I 

\ I  \ \ \ \ I 
/ I  / / / / I 

I I 
9 0  I I 1 1 I 

I I I I I 

I \ I 
I / I 
I I 
I I 
I I 

F i g u r e   A 2 . 2 . 4 .  H L M  1 A  D a t a   P a c k e t  

A 2 . 2 . 2   H i a h   L e v e l   M o d u l e  1 A  D a t a   P a c k e t .  T h e  f i x e d   a r e a   a l l o c a t i o n   f o r  H L M  
1 A  s h a l l   c o n t a i n   t h o s e   m e a s u r e m e n t s   c r e a t e d   u i t h i n   o r   s a m p l e d   b y  H L M  
1 A .  

T h e   s t r u c t u r e   a s s o c i a t e d   w i t h  t h e  H L M  1 A  d a t a   s h a l l   b e   a s   s h o u n   i n  
F i g u r e   A 2 . 2 . 4   ( r e f e r   t o   p a r a g r a p h   A 2 . 2 . 1 . 1   f o r   t h e   i n t e r p r e t a t i o n  o f  
t h e   i d e n t i f i e r s   s h o w n   i n   t h e   f i g u r e ) .  
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e L L M - 1 A  S 1 S  L L M - 1 A  S 2 S  L L M - 1 A  1 1 s  
1 8 1  8 1  8 

I 

I """_ -" 

I I 1  I 
I """"" I 1  """"" I 
I I 1  I 
I """"" I I  """"" I 
I I I  I 

I 
I 
I 
I 
I 
I 
I 
I 
I I  """"" r i  """"" I 
I I  I 1  I 
I 

0 6  I I I  1 1  I 

I """"" I 
I I I  

I """"" I 
I 

I """"" I I  """"" i 
I I I  I 

I """"" I I  """"" I 

I """"" I I  """"" I I  ""- - "" I 
0 7  

0 8  

0 9  

1 0  

1 1  

l 2  

1 3  
/ 
\ 
/ 
9 0  

A 2 . 2 . 3  

I I 
I """"" I 
I I 
I """"" I 
I I 
I """" "I 
I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I """"" I I """"" I 1 , I I  
I I I  I 1  I I 
I """"" I I """"" 11-1 
1 I I  I 1  I I 
I """"" I I """"" I 1-1 

I / I I 
I \ \ I  
I / / I 
I I 
I I I 
1-1 

F i g u r e  A 2 . 2 . 5 .  L L M  1 A  D a t a   P a c k e t  

Low L e v e l   M o d u l e  1 A  D a t a   P a c k e t .  The f i x e d   a r e a   a l l o c a t i o n   f o r  L L M  
1 A  s h a l l   c o n t a i n   t h o s e   m e a s u r e m e n t s   c r e a t e d   w i t h i n  o r  s a m p l e d  b y  L L M  
1 A .  

T h e  s t r u c t u r e   a s s o c i a t , e d  w i t h  L L M  1 A  d a t a   s h a l l  be a s   s h o w n  b y  F i g u r e  
A 2 . 2 . S  ( r e f e r   t o   p a r a g r a p h   A 2 . 2 . 1 . 1   f o r  t h e  i n t e r p r e t a t i o n  o f  t h e  
i d e n t i f i e r s   s h o w n  on t h e  f i g u r e ) .  

L L M - 1 A  TZS L L M - 1 A  N 1 D  
1 8 1  8 9  16 

I I  I I 
"""""I 1-1 

I 1  I I 
""""" 11-1 

I 1  I I 
"""""I 1-1 

I I  I I 
""""" I I  i I 

I I  I I 
""""" 11-1 

I I  I I 
""""" 11-1 

I 1  I I 
"""-""I 1-1 

I I  I I 
""""" 11-1 

I I  I I 
""""" 11-1 

I 1  I I 
""""" 11-1 

I I  I I 
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0 0  

01 

LLM-2A N 1 D  

1 8 9  16  
I I I 
I I 
I I I 

F i g u r e   A 2 . 2 . 6 .  L L M  2A D a t a   P a c k e t  

A 2 . 2 . 4  Low L e v e l   M o d u l e  2A D a t a  P a c k e t .  T h e  f i x e d   a r e a   a l l o c a t i o n   f o r  L L H  
2A s h a l l   c o n t a i n   t h o s e   d i g i t a l   o r   s o f t w a r e   m e a s u r e m e n t s   c r e a t e d  
w i t h i n   o r   s a m p l e d   b y  L L M  2 A .   A n a l o g   m e a s u r e m e n t s   o n   t h e   d e s p u n   s i d e  
o f  the  s p a c e c r a f t   s h a l l   b e   s a m p l e d   b y   e i t h e r  L L M  2A o r  L L W  2B 
d e p e n d i n g   o n  the  s p a c e c r a f t   h a r d w a r e   c o n f i g u r a t  i o n .  

T h e  s t r u c t u r e   a s s o c i a t e d   w i t h  L L M  2A d a t a   s h a l  
F i g u r e   A 2 . 2 . 6   ( r e f e r   t o   p a r a g r a p h   A 2 . 2 . 1 . 1   f o r  
t h e  i d e n t i f i e r s   s h o w n  on the  f i g u r e ) .  

1 b e   a s   s h o w n   b y  t h e  
t h e  i n t e r p r e t a t i o n   o f  
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HLH-18 N l F  H L W - 1 B  N 1 S  

1 8 9  16 17 2 4   2 5   3 2  1 8 

0 0  I I I I I I  I 

01 I 
I I  """""" I 

I I I I I  I 
I I I I 

0 2  I I I I I I  I 

I I I 1 
0 4  I i I I I 1  

I I """"_ -" 

I I I I 

I I 1 

I I  """""" 

I I """""" 
0 5  I I I I I I  

/ I  / / / / I I  / 
\ 
/ 

9 0  

I 
I 
I 
I 
I 
I 

I \ \ \ \ I I  \ I 
I / / / / I I  / I 

I I I I I I  I 
I I I I I I """""" I 

F i g u r e   A 2 . 2 . 7 .  H L M  1 B  D a t a   P a c k e t  

A 2 . 2 . 5   H i g h   ~ e v e l   n o d u l e  1 8  D a t a   P a c k e t .  T h e  f i x e d   a r e a   a l l o c a t i o n   f o r  H L M  
1 6  s h a l l   c o n t a i n   t h o s e   m e a s u r e m e n t s   c r e a t e d   w i t h i n   o r   s a m p l e d  b y  H L M  
1 B .  

T h e  s t r u c t u r e   a s s o c i a t e d   w i t h  H L H  1 B  d a t a   s h a l l   b e   a s   s h o u n  b y  F i g u r e  
A 2 . 2 . 7   ( r e f e r  t o  p a r a g r a p h   A 2 . 2 . 1 . 1   f o r  t h e  i n t e r p r e t a t i o n   o f  t h e  
i d e n t i f i e r s   s h o u n   i n  t h e  f i g u r e ) .  
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01 I 
1""- ""-1 

I 
I """"" I 

0 2  I I 
I """"" I 
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0 3  I 

0 4  I I 
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05  I 
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0 8  
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1 3  
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\ 
/ 
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A 2 . 2 . 6  

""""" 

""""" 

""""" 

""""" 

I """"" 11-1 
I I I  I I 
I """"" 11-1 
I I I  I I 
I """"" 11-1 ' 

I I I  I I 

I """"" I I """"" 11-1 
I I I  I I  I I 
I """"" i I """"" 11-1 
I I I  I I  I I 
I """"" I I """"" 11-1 
I I I  I I  I I 
I """"" I I """"" 11-1 
I I I  I I  I I 
I """" "I I "" """I 1-1 
I I I  I I  I I 

I 
I """"" I I """"" 11-1 

I I  I I  I I 
I """"" I I """"" 11-1 
I I I  I I  I I 

I I I  I 1  I I 
I """"" I I """"" 11-1 

I / / I 
I \ \ I  
I / / I 
I I 
I I I 

F i g u r e   A 2 . 2 . 8 .  L L M  1 6   D a t a   P a c k e t  

Low L e v e l   M o d u l e  1 6  D a t a   P . a c k e t .  The f i x e d   a r e a   a l l o c a t i o n   f o r  L L M  
1 6  s h a l l   c o n t a i n   t h o s e   m e a s u r e m e n t s   c r e a t e d   w i t h i n  o r  s a m p l e d  b y  L L M  
1 8 .  

The s t r u c t u r e   a s s o c i a t e d   w i t h  L L M  1 6  d a t a   s h a l l   b e   a s   s h o w n   b y  t h e  
F i g u r e   A 2 . 2 . 8   ( r e f e r   t o   p a r a g r a p h   A 2 . 2 . 1 . 1   f o r  t h , e  i n t e r p r e t a t i o n  o f  
t h e  i d e n t i f i e r s   s h o w n   o n  t h e  f i g u r e ) .  
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L L M - Z B  N 1 D  

A 2 . 2 . 7  l o w   L e v e l   M o d u l e  2 8  D a t a   P a c k e t .  T h e  f i x e d   a l l o c a t i o n   f o r  L L M  2B 
s h a l l   c o n t a i n   t h o s e   d i g i t a l   o r   s o f t w a r e   m e a s u r e m e n t s   c r e a t e d   u i t h i n  
o r   s a m p l e d   b y  L L M  Z B .  A n a l o g   m e a s u r e m e n t s   o n   t h e   d e s p u n   s i d e   o f   t h e  
s p a c e c r a f t   s h a l l   b e   s a m p l e d   b y   e i t h e r  L L M  Z A  o r  L L M  2 8  d e p e n d i n g   o n  
t h e  s p a c e c r a f t   h a r d w a r e   c o n f i g u r a t i o n .  

T h e  s t r u c t u r e   a s s o c i a t e d  w i t h  L L M  2 8  d a t a   s h a l l   b e  a s  shown b y  t h e  
F i g u r e  A Z . Z . 9  ( r e f e r   t o   p a r a g r a p h  A Z . Z . l . l  f o r   t h e   i n t e r p r e t a t i o n   o f  
t h e  i d e n t i f i e r s   s h o w n   i n  the f i g u r e ) .  
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I I  I 
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F i g u r e   A 2 . 2 . 1 0 .  AACS D a t a   P a c k e t  

A 2 . 2 . 8   A t t i t u d e   a n d   A r t i c u l a t i o n   C o n t r o l   S u b s y s t e m   D a t a   P a c k e t .  T h e  f i x e d  
a r e a   a l l o c a t i o n   f o r  t h e  A A C S  s h a l l   c o n t a i n   t h o s e   m e a s u r e m e n t s   c r e a t e d  
w i t h i n   o r   s a m p l e d  b y  AACS. 

. T h e  s t r u c t u r e   a s s o c i a t e d   w i t h  A A C S  d a t a   s h a l l   b e  a s  shown b y  F i g u r e  
A 2 . 2 . 1 0   ( r e f e r   t o   p a r a g r a p h   A 2 . 2 . 1 . 1   f o r  the i n t e r p r e t a t i o n   o f  t h e  
i d e n t i f i e r s   s h o w n   i n  the f i g u r e ) .  

A 2 . 2 . 9  D E L E T E D  

A 2 . 2 . 1 0  D E L E T E D  
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MODULE-VnnS 
4 0  

P O S I T I O N  I I I I I I 
N U M B E R  I 1 I 2 1  3 1  4 1  5 I 

B I T S  I 8 1  8 1  8 1  8 1  8 1  

""""""""""""""""""""""-"------ 

I I I I I I 

1""- ""I """"" I """"" I """"" I """"" I 
F i g u r e   A 2 . 2 . 1 1 .   V a r i a b l e   P a c k e t  

A 2 . 2 . 1 1  The v a r  
i n   s t r u c t u r e   u i t h i n   e a c h   o f   t h e  
p a c k e t s   s h a l l   a c c o m m o d a t e   t h e  
m e a s u r e m e n t   s a m p l i n g   r e q u i r e m e n  

i a b l e   a r e a   p a c k e t s   s h a l l   b e   i d e n t i c a l  
CDS and  A A C S  c o m p u t e r   m o d u l e s .  These 
v a r i o u s   m i s s i o n   p h a s e   d i f f e r e n c e s   i n  

t s .  

T h e  s t r u c t u r e   a s s o c i a t e d   u i t h   e a c h   p a c k e t   s h a l l   b e   a s   s h o u n   i n   F i g u r e  
A 2 . 2 . 1 1   ( r e f e r   t o   p a r a g r a p h   A 2 . 2 . 1 . 2  f o r  t h e   i n t e r p r e t a t i o n   o f   t h e  
i d e n t i f i e r s   s h o u n   i n  t h e  f i g u r e ) .  

I n   a n y   v a r i a b l e   p a c k e t  i t  s h a l l   b e   p r ' o h i b i t e d   t o   c r e a t e  
s u b c o m m u t a t o r s   u i t h i n   a n y   p o s i t i o n   o f  t h e  p a c k e t .   T h e r e   s h a l l   b e   n o  
r e s t r i c t i o n   a s   t o  t h e  m e a s u r e m e n t s   u h i c h  may b e   a s s i g n e d   t o   t h e s e  
p a c k e t s .  

A 2 . 2 . 1 2   M e a s u r e m e n t   S a m D l i n a   T i m e s .  The m e a s u r e m e n t s   p l a c e d   i n t o  t h e  
e n g i n e e r i n g   p a c k e t   s h a l l   b e   s a m p l e d  a s  s p e c i f i e d   i n  t h e  s u c c e e d i n g  
p a r a g r a p h s .  

A 2 . 2 . 1 2 . 1   F i x e d   A r e a   M e a s u r e m e n t   T i m i n g :  COS.  D a t a   s a m p l e d   b y  a C D S  H i g h  L e v e l  
M o d u l e   s h a l l   b e   s a m p l e d  a s  s p e c i f i e d   i n   A 2 . 2 . 1 2 . 1 . 1 .  D a t a   s a m p l e d   b y  
a CDS Lou L e v e l   M o d u l e   s h a t l   b e   s a m p l e d  a s  s p e c i f i e d  i n   A 2 . 2 . 1 2 . 1 . 2 .  

A 2 . 2 . 1 2 . 1 . 1  CDS H i g h   L e v e l   M o d u l e   S a ' m p l i n g .   U i t h i n   t h e  C D S ,  t h e   d a t a  
s u b c o m m u t a t e d   i n t o  the  H L M  a r e a  o f  a n   e n g i n e e r i n g   f r a m e   s h a l l   h a v e  
b e e n   s a m p l e d   d u r i n g  t h e  MOD9lr89 o f  the  R I M  p r e v i o u s   t o  t h e  R I M  
c o n t a i n e d   i n  t h e  h e a d e r .  

A 2 . 2 . 1 2 . 1 . 2  CDS Lou L e v e l   M o d u l e   S a m p l i n g .   U i t h i n  t h e  C D S ,  s o f t w a r e  
m e a s u r e m e n t s   s u b c o m m u t a t e d   i n t o  the L L M  a r e a  o f  a n   e n g i n e e r i n g   f r a m e  
s h a l l   h a v e   b e e n   s a m p l e d   d u r i n g  the MOD9lr89  of  t h e  R I M  p r e v i o u s   t o  
t h e  R I M  c o n t a i n e d   i n  the h e a d e r .  The e x c e p t i o n s   a r e  t h e  DMS P o s i t i o n  
E s t i m a t e s   ( E - 0 4 2 3 .   E - 0 4 2 4 ,   E - 0 9 2 3 ,   a n d   E - 0 9 2 4 ) ,   a n d  t h e  D i s c h a r g e  
C o n t r o l l e r  Use C o u n t e r   ( E - 0 0 8 9 ) .   T h e s e   a r e   s a m p l e d   i n  t h e  MOD91 
p r e v i o u s   t o   t h e  M O D 9 1  C o n t a i n e d   i n  t h e  h e a d e r .   H a r d w a r e   m e a s u r e m e n t s  
( A n a l o g ,   D i g i t a l .   a n d   T e m p e r a t u r e )   s h a l l  be  s a m p l e d  a s  s h o u n   i n   T a b l e  
A 2 . 2 . C .  

9 3  



GLL-3-280 Rev. D 

T a b l e   A 2 . 2 . 4 .  CDS F i x e d   A r e a   M e a s u r e m e n t   S a m p l i n g  Time 
( M i l l i s e c o n d s   o f f s e t   p r i o r   t o  SCLK) 

"""""""""_"""""""""""""" 
I S u b c o m n u t a t i o n   D e c k  I 

I 
""""""""""_ I ...................... "- I 

I I I I I I I I 
I I I S 1 S  I S2S I 11s I 12s I N 1 D  I N 1 D  I 

I Mode I b / s  I I I I I B y t e  I B y t e  I 
I """"""" I """ I """_ I """_ I """_ I """_ I """_ I """_ I 

I """ """" I """ I """_ I """_ I """_ I """_ I - """ I "-"" I 

I T e l e m e t r y  I R a t e  I I I I I L e f t  I R i g h t  1 

I 1 2 0 0   b / s  I 1 2 0 0   1 6 4 6 - 2 / 3 (   5 8 0   ) 4 4 6 - 2 / 3 1   3 8 0   1 2 4 6 - 2 / 3 1   1 8 0  I 

T a b l e   A 2 . 2 . 5 .  CDS V a r i a b l e   P a c k e t   M e a s u r e m e n t   S a m p l i n g  Time 
( m i l l i s e c o n d s   o f f s e t   p r i o r   t o  SCLK) 

I P a c k e t ( 1 ) l  
I T i m i n g  I P o s i t i o n   U i t h i n   P a c k e t  I 
I P o s i t i o n  I 1 I 2 I 3 I 4 I 5 I 

"""""""""""""""""""""""""""""- 
I 

I I I I I I I 
I A .  I 6 6 6 - 2 / 3 1   5 3 3 - 1 / 3  I 4 0 0  I 2 6 6 - 2 / 3  I 1 3 3 - 1 / 3  I 
I I I I I I I 
I B I 6 3 3 - 1 / 3 1   5 0 0  1 3 6 6 - 2 / 3  I 2 3 3 - 1 / 3  I 1 0 0  I 
I I I I I I I 
I C I 6 0 0  I 4 6 6 - 2 / 3  I 3 3 3 - 1 / 3  I 2 0 0  I 6 6 - 2 / 3  I 
I I I I I I I 
I D  I 5 6 6 - 2 / 3  
I I 
1 E  I 6 5 3 - 1 / 3  
I I 
I F I 6 0 6 - 2 / 3  
I I 
I C  I 5 8 6 - 2 / 3  
I I 
I H I 5 4 0  
I I 
I I I 4 6 0  
I """"" I """" 

I 4 3 3 - 1 / 3  I 3 0 0  I 1 6 6 - 2 / 3  I 3 3 - 1 / 3  I 
I I I I I 

I I I I I 

I 

I I I I I 

I I I I 

I I I I I 

I 5 2 0  I 3 8 6 - 2 / 3  I 2 5 3 - 1 / 3  I 1 2 0  I 

I 4 7 3 - 1 / 3  I 3 4 0  I 2 0 6 - 2 / 3  I 7 3 - 1 / 3  I 

I 4 5 3 - 1 / 3  I 3 2 0  I 1 8 6 - 2 / 3  1 5 3 - 1 / 3  I 

I 4 0 6 - 2 / 3  1 2 7 3 - 1 / 3  I 1 4 0  I 6 - 2 / 3  I 

I 4 4 0  I 4 2 6 - 2 / 3  I 4 2 0  I 4 1 3 - 1 / 3  I 
I """" - I """"- I """"- I ""-"-- I 

( 1 )  I n   c r e a t i n g   a n   e n g i n e e r i n g   m a p ,   a n y   o f   t h e   p a c k e t s  
( 0 1  5 n 5 1 6 )   w i t h i n  a m o d u l e  may b e   a s s i g n e d  
t o  t h e  p a c k e t   t i m i n g   p o s i t i o n  A ,  B ,  C ,  D ,  E ,  F ,  G ,  H ,  
o r  I .  

A 2 . 2 . 1 2 . 2   V a r i a b l e   P a c k e t   M e a s u r e m e n t   l i m i n e :  CDS. U i t h i n   a n y  CDS m o d u l e  
c r e a t i n g   v a r i a b l e   a r e a   p a c k e t s ,  the  s a m p l e  time r e l a t i o n s h i p   s h o w n   i n  
T a b l e   A 2 . 2 . 5   s h a l l   b e   m a i n t a i n e d .  
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A 2 . 2 . 1 2 . 3   M e a s u r e m e n t   T i m i n g :  AACS. W i t h i n  t h e  AACS, t h e   d a t a   s a m p l i n g   S h a l l  
o c c u r   d u r i n g  R T I  0 ( M O D  1 0 = 0 ) .  

T a b l e   A 2 . 2 . 6  

D E L E T E D  

A 2 . 2 . 1 3   S / C  H i s h  R a t e   S a m D l i n s .  

A 2 . 2 . 1 3 . 1  CDS S i n g l e   I d e n t i f i e r  ( S I D )  M o d e .   I n   o r d e r   t o   a s s i s t   i n  t h e  
i n v e s t i g a t i o n   o f   s p a c e c r a f t   a n o m a l i e s ,  i t  s h a l l   b e   p o s s i b l e   t o   r e p l a c e  
a l l   o f   t h e   v a r i a b l e   e n g i n e e r i n g   d a t a  w i t h  a s i n g l e   m e a s u r e m e n t .  The 
m e a s u r e m e n t   u i l l   b e   p l a c e d   i n  a l l  f i v e   p o s i t i o n s  o f  a p a c k e t ,   a n d   t h e n  
t h a t   p a c k e t   s h a l l   o c c u p y   a l l   t i m i n g   p o s i t i o n s   s h o w n   i n   T a b l e   A 2 . 2 . 5 .  

D E L E T E D  

A 2 . 2 . 1 3 . 2  AACS FLood  Mode. The AACS s h a l l   n o t   b e   r e q u i r e d   t o   o r i g i n a t e   s i n g l e -  
I D  t e l e m e t r y   ( h o g - m o d e ) .   I n s t e a d ,   f o r   c a l i b r a t i o n   o f   m o r e   v o l a t i l e  
AACS m e a s u r e m e n t s ,  a c a l i b r e t i o n   m e a s u r e m e n t   r e a d o u t ,   p o p u l a r l y   c a l l e d  
8 8 f l o o d - m o d e 8 8   t e l e m e t r y ,   s h a l l   b e   p r o v i d e d .  The AACS s h a l l   a t   a l l  
t i m e s   c o l l e c t  6 m e a s u r e m e n t s ,   i n  a 61 w o r d   r o t a t i n g   b u f f e r ,   e v e r y  6 6  
2 / 3   m s e c .  The 6 m e a s u r e m e n t s  t o  b e   c o l l e c t e d   s h a l l   b e   c a p a b l e   o f  
b e i n g   s p e c i f i e d   b y   u p l i n k   c o m m a n d s .  T h e  MSS s h a l l   b e   p r o v i d e d   u i t h  
t h e  a b i l i t y   t o   c o l l e c t  the  AACS c a l i b r a t i o n   b u f f e r   f r o m   t h e  AACS and  
a c c u m u l a t e   i t   i n  a l a r g e r   b u f f e r   i n   t h e  CDS o n c e   e v e r y   2 / 3   s e c .   f o r  a 
p e r i o d  of  u p  t o  2 8  s e c o n d s ,   b y   m e a n s   o f   a n   u p l i n k e d  command s e q u e n c e .  
Then the  a c c u m u l a t e d  CDS b u f f e r   s h a l l   b e   t r a n s m i t t e d   t o   t h e   g r o u n d   b y  
m e a n s   o f  the  s t a n d a r d  m e m o r y   r e a d o u t   t e l e m e t r y   c a p a b i l i t y ,  a s  t h e  
f i n a l   s t e p   i n  t h e  command s e q u e n c e .  The s c h e d u l i n g   o f  a c a l i b r a t i o n  
r e a d o u t   s e q u e n c e   s h a l l   b e   c o n s t r a i n e d   b y   o t h e r   s e q u e n c i n g   e v e n t s   t o  
t h o s e   p e r i o d s   u h e n   t h e  CDS a c c u m u l a t i o n   b u f f e r   c a n   b e   m a d e   a v a i l a b l e .  
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A 2 . 2 . 1 4   E n g i n e e r i n g   M e a s u r e m e n t s   a n d   F o r m a t s  

T h i s  s e c t i o n   i d e n t i f i e s  the G L L  e n g i n e e r i n g   m e a s u r e m e n t s ,   e n g i n e e r i n g  
f o r m a t s ,   a n d   c o m m u t a t o r   p o s i t i o n   a s s i g n m e n t s   o f   e a c h   m e a s u r e m e n t  
w i t h i n  t h e  e n g i n e e r i n g   f o r m a t s .  

A 2 . 2 . 1 4 . 1   E n a i n e e r i n q   M e a s u r e m e n t   D e t a i l e d   D a t a  

T a b l e   A 2 . 2 . 8   p r o v i d e s   d e t a i l e d   d a t a   f o r   e a c h   e n g i n e e r i n g   m e a s u r e m e n t .  
T h i s  d a t a   i n c l u d e s   m e a s u r e m e n t   e n g i n e e r i n g   n u m b e r   ( € - N o . ) ,  t i t l e ,  
i d e n t i f i c a t i o n   ( t r e e s w i t c h  or  o t h e r   i d e n t i f i c a t i o n ,   a s   a p p r o p r i a t e ) ,  
e n g i n e e r i n g   u n i t   r a n g e ,   n u m b e r   o f   b i t s ,   a n d   t y p e  
( a n a l o g / t e a p e r a t u r e / d i g i t a l / s o f t w a r e ) .  

The t a b l e   h e a d i n g s   a r e   a s   f o l l o w s :  N U M B E R  r e f e r s   t o   e n g i n e e r i n g  
number.  MEASUREMENT T I T L E  i s  the  name o f  t h e  m e a s u r e m e n t .  
E N G I N E E R I N G  R A N G E  r e f e r s   t o  t h e  e n g i n e e r i n g   r a n g e   o f  t h e  m e a s u r e m e n t ,  
w i t h   d e g r e e s   g i v e n   i n   C e l s i u s   f o r   t e m p e r a t u r e   m e a s u r e m e n t s .  T R E E  P O S  
r e f e r s   t o  t h e  h a r d w a r e   t r e e s w i t c h   p o s i t i o n .  COMM P O S  r e f e r s   t o   t h e  
p o s i t i o n   i n  t h e  e n g i n e e r i n g   c o m m u t a t o r ,   a n d   t h e r e f o r e  t h e  f r e q u e n c y  
o f   s a m p l i n g ,   o f   e n g i n e e r i n g   m e a s u r e m e n t s .  N O .  O F .  B I T S  i n d i c a t e s   h o u  
many b i t s  the  m e a s u r e m e n t   c o n t a i n s .  F L A G S  r e f e r s   t o  2 f l a g s ,  w i t h  
t h e  f i r s t   f l a g  ( F ,  V ,  o r  B )  r e f e r r i n g   t o   w h e t h e r  the  m e a s u r e m e n t  i s  
i n  t h e  f i x e d   c o m m u t a t o r   a r e a   o n l y ,  t h e  v a r i a b l e   c o m m u t a t o r   a r e a   o n l y ,  
o r   b o t h .  T h e  s e c o n d   f l a a  ( A ,  1 ,  0 ,  o r  S )  d e n o t e s   w h e t h e r  t h e  
m e a s u r e m e n t  i s  a n   a n a l o g   m e a s u r e m e n t ,  a t e m p e r a t u r e   m e a s u r e m e n t ,  a 
d i g i t a l   m e a s u r e m e n t ,  o r  a s o f t w a r e   m e a s u r e m e n t .  

D i g i t a l   a n d   S o f t w a r e   b i t   d e f i n i t i o n s   a r e   s h o w n   i n   T a b l e   A 2 . 2 . 9 .  

E i g h t   d e s p u n   m e a s u r e m e n t s   a r e   m u l t i p l e x e d   i n t o  the  b a c k - u p   d e s p u n  
m e a s u r e m e n t  ( B O M )  c h a n n e l s   ( E - 1 1 0 9 ,   E - 1 1 1 0 ,   E - 1 1 2 9 ,   E - 1 1 3 0 ) .  The 
m u l t i p l e x i n g   i s   c o n t r o l l e d   u s i n g  3 b i t s   i n  the  d e s p u n  C R C  r e g i s t e r s  
known a s  t h e  "Oespun C R C  b a c k u p  A U X  s e l e c t   b i t s  A ,  B ,  and Cot a s  s h o u n  
i n   T a b l e   A 2 . 2 . 7 .  

T a b l e   A 2 . 2 . 7 .   B a c k u p   M u l t i p l e x e d   M e a s u r e m e n t s  

."""""""""""""""- 
I 
I 

MEASUREMENT SELECTED I 
R R A  p o s i t i o n   p o t .  2 I 
s p a r e   m e a s u r e m e n t  I 
COS +3VDC t o  R R A  p o t .  1 I 
COS d e s p u n   c o m m u t a t o r   t r e e   o u t 1  
COS d e s p u n   s i g n a l   g r o u n d  I 
CDS f i l t e r   c a l i b r a t i o n   v o l t a g e )  
U n u s e d  I 
Unuaed I 

I """ I """_ I ""_ I """"" I """_ -"""""-""""""I 
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M e a s u r e m e n t s   f r o m  the  c o n t a m i n a t i o n   m o n i t o r   a r e   m u l t i p l e x e d   t h r o u g h  
c h a n n e l  E - 0 0 1 6 .  The C H I S  m u l t i p l e x e r  i s  u n s y n c h e d   t o   t h e  C D S  and 
u t i l y z e s   t u 0   r e f e r e n c e   v o l t a g e   s t a t e s  ( 0  and  3 v o l t s )   a t  t h e  s t a r t  o f  
e a c h   d a t a   c y c l e   t o   e n a b l e  MoS t o   r e c o n s t r u c t  t h e  d a t a .   E a c h  CM 
m u l t i p l e x e r   s t a t e   l a s t s   f o r  3 m i n u t e s .  The m u l t i p l e x e r   s t , a t e s   a r e  
d e s c r i b e d   i n   T a b l e   A 2 . 2 . 7 A .  

T a b l e   A 2 . 2 . 7 A  CM M u l t i p l e x e d   M e a s u r e m e n t s  

I M u l t i p l e x e r  I 
I S t a t e  I Measurement  I 

............................. 

I 

I ""-"""" I """"""""-  """""""- 
I I 
I 0 I 0 v o l t   r e f e r e n c e   ( u s e d   t o   s y n c  
I 1 I 3 v o l t   r e f e r e n c e   ( u s e d   t o   s y n c  
I 2 I a c n  1 o u t p u t   f r e q u e n c y  
I 3 
I 4 I acM 2 o u t p u t   f r e q u e n c y  
I 5 
I 
I 7 1 a c u  3 t e m p e r a t u r e   m e a s u r e m e n t  

I a c u  1 t e m p e r a t u r e   m e a s u r e m e n t  

I acM 2 t e m p e r a t u r e   m e a s u r e m e n t  
6 I acw 3 o u t p u t   f r e q u e n c y  

""""""I 
I 

C H  d a t a )  I 
CM d a t a )  I 

I 
I 
I 
I 
I 
I 

I """"""_ I ...................... I 
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0 A 2 . 2 . 1 4 . 2   E n g i n e e r i n g   F o r m a t s  

T h e r e   a r e  5 G L L  e n g i n e e r i n g   f o r m a t s ,   f o u r   o f   w h i c h   a r e   o n   t h e  S / C  a t  
a n y  o n e  t i m e .   T h e s e   f o r m a t s   a r e :  . a n o m a l y ,   L a u n c h   p h a s e  I ,  Launch  
p h a s e  1 1 ,  c r u i s e / e n c o u n t e r / o r b i t a l  o p e r a t i o n s ,   a n d   m a n e u v e r / a l l   s p i n .  
E a c h   o f   t h e s e   f o r m a t s   c o n s i s t s   o f  a f i x e d   a r e a   c o n t a i n i n g  
m e a s u r e m e n t s  common t o   a l l   f o r m a t s ,   a n d  a v a r i a b l e   a r e a ,   c o n t a i n i n g  
p a c k e t s  of  m e a s u r e m e n t s   u n i q u e   t o  t h e  s p e c i f i c   f o r m a t .   F i g u r e  
A 2 . 2 . 1 2   p r o v i d e s   a n   o v e r v i e w   o f  t h e  e n g i n e e r i n g   c o m m u t a t o r   s t r u c t u r e ,  
s h o w i n g   t h e   f i x e d   a n d   v a r i a b l e   a r e a s .  T h e  p a r a g r a p h s   t h a t   f o l l o w  
i n d i c a t e   t h e   a s s i g n m e n t  o f  m e a s u r e m e n ’ t s   t o   s p e c i f i c   c o m m u t a t o r  
p o s i t i o n s  w i t h i n  t h e   f i x e d   a n d   v a r i a b l e   a r e a s .  

A 2 . 2 . 1 4 . 2 . 1   F i x e d   A r e a   M e a s u r e m e n t   A s s i g n m e n t s  

F i g u r e s   A 2 . 2 . 1 3   t h r o u g h  A Z . 2 . 1 9  i n d i c a t e   t h e   c o m m u t a t o r   p o s i t i o n s  
a s s i g n e d   t o   m e a s u r e m e n t s   i n  t h e  f i x e d   a r e a .  

17 5 
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T h i s  p a g e   h a s   b e e n   l e f t   i n t e n t i o n a l l y   b l a n k  

176 
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WlF N 1 F  (cont) 

e 

00 
01 

CDS E-0115 I CDS E-0116 

CDS E-0123 07 
CDS E-0122 06 
CDS E-0121 . 05 
CDS E-0120 04 
CDS E-0119 03 
CDS E-0118 02 
CDS E-0117 

081 COS E-0124 I 
09 
10 

CDS E-0125 

CDS E-0131 15 
CDS E-0130 14 
CDS E-0129 13 
CDS E-0128 12 
COS E-0127 1 1  
CDS E-0126 

16 CDS E-0132 
17 CDS E-0133 1 CDS E-0134 
18 CDS E-0135 I CDS E-0136 
19 CDS E-0137 I CDS E-0138 ~~~ ~ 

1 -  

20 

COS E-0144 CDS E-0143 CDS E-0142 CDS E-0141 22 
CDS E-0221 CDS E-0220 CDS E-0219 CDS E-0218 21 
CDS E-0217 CDS E-0216 COS E-0215 CDS E-0214 

23 CDS E-0145 \ CDS E-0146 \ CDS E-0147 I CDS E-0148 
24 CDS E-0149 I CDS E-0150 I COS E-0151 I CDS E-0152 
25 
26 

CDS E-0153 

CDS E-0156 27 
CDS E-0154 I CDS E-0155 

- - ~ .  ~ ~~ 

28 
29 

CDS E-0157 I CDS E-0158 

CDS E-0160 30 
CDS E-0159 

31 
CDS E-0165 I CDS E-0166 I CDS E-0167 I CDS E-0168 32 
CDS E-0161 I COS E-0162 I CDS E-0163 I CDS E-0164 

-~ ~~~ ~ 

I I 

33 CDS E-0169 I CDS E-0170 
3 L  COS E - 0 1 7 1  - . " - - - . . . 
35 

CDS E-0175 I CDS E-0176 I CDS E-0177 1 CDS E-0118  36 
CDS E-0172 I CDS E-0173 I CDS E-0174 

37 CDS E-0179 I CDS E-0180 1 CDS E-0181 I CDS E-0182 
38 CDS E-0183 I CDS E-0186 I CDS E-0185 

I 

39 

COS E-0203 CDS E-0202 L4 
CDS E-0201 CDS E-0200  43 
COS E-0199 CDS E-0196 I CDS E-0197 I CDS E-0198 42 
CDS E-0195 CDS E-0192 I CDS E-0193 I CDS E-0194 41 
CDS E-0191 CDS E-0190 40 
CDS E-0189 CDS E-0186 I CDS E-0187 1 CDS E-0188 

" " _  - . -~ ~~ 

I 

46 
47 
40 
49 
50 
51 
52 
53 
54 
55 
56 
57 
50 
59 
60 
61 

CDS E-0206 I CDS E-0207 
CDS E-0208 I CDS E-0209 I CDS E-0210 ~~ 

1 

CDS E-0213 I CDS E-0211 ' I CDS E-0212 
CDS E-0222 I CDS E-0223 " _  ~ .~~ 

CDS E-0224 

UlS E-0242 
CDS E-0241 
CDS E-0240 
CDS E-0239 
CDS E-0238 

CDS E-0237 COS E-0236 
COS E-0235 COS E-0234 
CDS E-0233 COS E-0232 
CDS E-0231 CDS E-0230 
CDS E-0229 CDS E-0228 
CDS E-0227 CDS E-0226 
CDS E-0225 

Figure A2.2.13. Fixed Area  Heasurernent Assignent - HLMlA 
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n15 N1S (cont) 

Figure  A2.2.13. Fixed Area Measurement Assignment - HLMlA (cont) 
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N l F  N 1 F  (cont)  

8 

00 CDS E-0615 I CDS E-0616 
01 CDS E-0617 
02 CDS E-0618 

08 CDS E-0624 
" 

09 CDS E-0625 
10 COS E-0626 

~~ ~ 

1 1  

CDS E-0638 CDS E-0637 19 
CDS E-0636 CDS E-0635 18 
CDS E-0634 CDS E-0633 17 

CDS E-0632 16 
CDS E-0631 15 
CDS E-0630 14 
CDS E-0629 13 
CDS E-0628 12 
CDS E-0627 

20 

CDS E-0653 25 
CDS E-0652 CDS E - 0 6 5 1  CDS E-0650 CDS E-0649 24 
CDS E-0648 CDS E-0647 COS E-0666 CDS E-0645 23 
CDS E-0644 CDS E-0643 CDS E-0662 CDS E-0641 22 
CDS E-0721 CDS E-0720 CDS E-0719 CDS E-0718 21 
CDS E-0717 CDS E-0716 CDS E-0715 CDS E-0714 

I 

33 CDS E-0669 1 CDS E-0670 
Z L  CDS E-0671 - .  
35 
36 
37 
38 
39 
40 
41 
42 
43 

50 
51 
52 
53 
54 
55 

.. 

57 
58 
59 
60 
61 
62 
63 

65 CDS E-0746 
66 CDS E-0747 

Figure A2.2.14. Fixed Area l4ersurcnmt Assigmment - HLMlB 
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N1S (cont) 

Figure A2.2.13. Fixed Area  Ueasurement A s s i g m t  - HLMlB (cont) 
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A2.2.14.2.2 Variable &gg Measurement  Assianments. 

a. 

b. 

C. 

d. 

e. 

The v a r i a b l e  area measurements are grouped   in to  packets, any  of  which 
may be p laced   in to   one  or  more engineer ing  formats .  The packets are 
l i s t e d   i n  T a b l e  A2.2.8A, a long   wi th   the i r   assoc ia ted   measurements .  
The ac tua l   fo rma t s  are shown i n   F i g u r e  A2.2.20,  and described  below. 

Anomalv Format. The anomaly  format shall provide  
t e l e m e t r y   f o r   e n h a n c e d   v i s i b i l i t y   i n t o   t h e  space- 
craf t  system for  t roub leshoo t ing   anomal i e s .  T h i s  
format s h a l l  be selectable either by  ground command 
or  b y   a n   o n b o a r d   f a u l t   d e t e c t i o n   a n d   c o r r e c t i o n  
rou t ine .  The fo rma t   sha l l  be a s s i g n e d   t o  commuta- 
t i o n  map i d e n t i f i e r  0 .  

Launch  Phase I Format _CCDs load  s ta te) .  The  Launch 
Phase I fo rma t   sha l l   p rov ide   t e l eme t ry  from  Launch 
t o  s tar t  of RPM p r e s s u r i z a t i o n .  Note t h a t  GLL-3- 
1 2 0   d e f i n e s   t h e   f l i g h t  state for  t h i s  format. 

Launch P h a s e  11 Format lCDS l o a d  s t a t e ) .  The 
l a u n c h  phase I1 format s h a l l  p r o v i d e   t e l e m e t r y  
dur ing  t h e  RPM pres su r i za t ion .   No te   t ha t  GLL-3-120 
d e f i n e s   t h e   f l i g h t  state €or t h i s  format. 

CruiseIEncounterlOtbital ODerations  Format.  The 
cruise/encounter/orbital o p e r a t i o n s   f o r m a t   s h a l l  
p rov ide   t e l eme t ry   f rom t h e  comple t ion  of t h e  RPM 
p r e s s u r i z a t i o n   t h r o u g h  t h e  end   o f   mi s s ion ,   excep t  
f o r  periods when maneuvers  occur. 

Launch  Phase  III/Maneuver/All a Format _CCDs load  
s ta te) .  The maneuver/al l   spin  format   shal l   provide 
telemetry  during  maneuvers  and a l l  s p i n   o p e r a t i o n s ,  
i nc lud ing  TCM's. LRS data w i l l  be a v a i l a b l e   d u r i n g  
these   ope ra t ions .  Note t h a t  GLL-3-120 d e f i n e s   t h e  
f l i g h t  state f o r   t h i s   f o r m a t .  

r 

1 

r 
w 
ul 
W 

t 
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P a c k e t  
source 

LOW 
LEVEL 

MODULE 
1A 

P a c k e t  
S o u r c e  

LOW 
LEVEL 

MODULE 
1 B  

T a b l e  A2.2.8A GLL Variable T e l e m e t r y   P a c k e t   L i s t i n g  

P a c k e t  
Name 

LLM 1A 
01 

LLM 1A 
0 2  

LLM 1 A  
03 

LLM 1A 
04 

LLM 1 A  
05 

LLM 1 A  
06 

P a c k e t  
Name 

LLM 1B 
01 

LLM 1 B  
0 2  

LLM 1B 
03 

LLM l B  
04 

LLM 18 
05 

LLM 18 
06 

LLM 18 
07 

Measure- 
ment X 1  

RFS E-0024 

PPS E-0078 

spare 

RPM E-1585 

RPM E-1591 

RPM E-1596 

Measure- 
ment #1 

RFS E-0026 

PPS E-0083 

RFS E-0026 

spare 

RPM E-1587 

RPM E-1594 

RPM E-1595 

Measure- 
ment t 2  

RFS E-0042 

PPS E-0086 

RFS E-0023 

RPM E-1586 

PPS E-0065 

RPM E-1598 

Measure- 
ment #2 

RFS E-0022 

spare 

RPM E-1594 

spare 

RPM E-1589 

PPS E-006E 

RPM E-1597 

19 0 

Measure- 
ment X 3  

RFS E-0031 

PPS E-0080 

spare 

RPM E-1588 

RPM E-1585 

RPM E-1600 

Measure- 
ment t 3  

RFS E-0027 

spare 

spare 

spare 

RPM ~ - 1 5 9 0  

RPM E-1587 

RPM E-1599 

Measure- 
ment #4 

RFS E-0034 

PPS E-1635 

spare 

RPM E-1591 

RPM E-1586 

RPM E-1602 

Measure- 
ment X4 

spare 

PPS E-1636 

spare 

RPM E-1594 

R P M  E-1594 

RPM E-1589 

R P M  E-1601 

Measure- 
ment #5 

RFS E-0038 

PPS E-0090 

spare 

PPS E-0065 

RPM ~-1s8a 

RPM E-1603 

Measure- 
ment # 5  

spare 

PPS E-009: 

PPS E-009: 

spare 

PPS E-006r 

RPM E-159r 

RPM E-160, 



Packet 
Source 

LOW 
LEVEL 

MODULE 
2 A  

GLL-3-280 Rev. D 

Table A 2 . 2 . 8 ~  GLL Variable   Telemetry  Packet   List ing 

Measure- 
ment 8 2  

PPS E-0093 

Measure- 
ment X3 

PPS E - 0 0 6 7  

packet 
ment X5 ment $4 ment f 3  ment $2 ment X 1  N a m e  Source 
Measure- Measure-  Measure- Measure- Measure- Packet 

LLM 2 B  
LOW spare CTR E - 1 6 6 6  PPs E - 0 0 6 8  spare  spare 01 

LEVEL 
MODULE 

2B I I I I I I 

191 
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T a b l e  A 2 . 2 . 8 A  G U  Variable Telemetry Packet L i s t i n g  ( 1 2 0 0  Bpe/Launch) 

Packet 
S o u r c e  

AACS 

- 
Packet 

N a m e  
AACS 

01 

- 

AACS 
02 

AACS 
03 

AACS 
04 

AACS 
05  

AACS 
06 - 

AACS 
07 - 

AACS 
08 

AACS 
09 

AACS 
10 

AACS 
11 

AACS 
12 

AACS 
13 - 

AACS 
14 - 

AACS 
15 - 

AACS 
16 - 

Measure- 
ment 52 ment #l 
Measure- 

AACS E - 1 3 9 8  

AACS E - 1 4 0 0  

AACS E - 1 4 0 2  

AACS E - 1 4 0 4  

AACS E-1405 

AACS E - 1 2 2 1  

AACS E - 1 2 1 6  

AACS E - 1 2 2 6  

AACS E - 1 4 2 9  

AACS E - 1 4 1 5  

AACS E - 1 4 0 7  

AACS E - 1 4 0 9  

AACS E - 1 2 9 1  

AACS E - 1 4 2 6  

M C S   E - 1 4 2 5  

AACS E - 1 4 1 7  

Change 1: 08/01/89  192 

Measure- 
ment f 4  ment f 3  
Measure- 

AACS E - 1 3 9 9  

AACS E - 1 4 0 1  

AACS E - 1 4 0 3  

AACS E - 1 2 4 0  

AACS E - 1 4 0 6  

AACS E - 1 2 3 4  

AACS E - 1 2 2 9  

AACS E - 1 2 2 7  

AACS E - 1 2 9 4  

AACS E - 1 4 1 6  

AACS E - 1 4 0 8  

AACS E - 1 4 1 0  

AACS E - 1 2 9 2  

AACS E - 1 3 5 4  

AACS E - 1 2 4 3  

AACS E - 1 4 1 8  

Meaaure- 
ment #S 

AACS E - 1 3 4 5  

AACS E - 1 3 4 6  

AACS E - 1 3 4 5  

AACS E - 1 3 4 6  

AACS E - 1 4 3 4  

AACS E - 1 3 8 3  

AACS E - 1 4 3 7  

AACS E - 1 2 0 3  

AACSE-1345 

AACS E - 1 2 9 0  

AACS E - 1 3 4 5  

AACS E - 1 3 4 6  

AACS E - 1 2 9 0  

AACS E - 1 4 3 4  

AACS E - 1 4 3 5  

AACS E - 1 3 4 6  

* 
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Table A 2 . 2 . 8 A  GLL Variable  Telemetry  Packet   List ing (10/40 

Packet 
Source 

AACS 

Packet 
Name 
AACS 

01 

AACS 
02 

AACS 
03 

AACS 
04 

AACS 
0 5  

AACS 
06 

AACS 
0 7  

AACS 
08 

AACS 
09 

AACS 
10 - 

AACS 
11 

AACS 
12 - 

AACS 
13 

AACS 
14 

AACS 
15 

AACS 
16 - 

Measure- 
ment C2 ment #l 
Measure- 

AACS E - 1 3 9 8  

AACS E - 1 4 0 0  

AACS E - 1 4 0 2  

AACS E - 1 4 0 4  

AACS E - 1 4 0 5  

AACS E - 1 2 2 1  

AACS E-1417 

AACS E - 1 2 2 6  

AACS E - 1 4 2 9  

AACS E - 1 2 0 0  

AACS E - 1 4 2 0  

AACS E - 1 4 2 3  

"CS E - 1 2 9 1  

AACS E - 1 2 0 8  

AACS E - 1 4 3 1  

AACS E - 1 3 0 3  

Change 1: 0 8 / 0 1 / 8 9   1 9 3  

Measure- 
ment 84 ment f 3  
Measure- 

AACS E - 1 3 9 9  

AACS E - 1 4 0 1  
" 

AACS E - 1 4 0 3  

AACS E - 1 2 4 0  

AACS E - 1 4 0 6  

AACS E - 1 2 3 4  

AACS E - 1 4 1 8  

AACS E - 1 2 2 7  

AACS E - 1 4 2 8  

AACS E - 1 2 1 5  

AACS E - 1 4 1 9  

AACS E - 1 4 2 4  

AACS E - 1 2 9 2  

.AACS E - 1 3 5 4  

AACS E - 1 4 3 0  

AACS E - 1 2 2 5  

BPS 1 

Measure- 
ment 8 5  

AACS E - 1 3 4 5  

AACS E - 1 3 4 6  

AACS E-1427 

AACS E - 1 3 4 5  

AACS E - 1 3 4 6  

AACS E-1383 

AACS E-1437 

AACS E-1283 

AACS E - 1 4 5 4  

AACS E - 1 4 5 4  

AACS E - 1 4 5 4  

AACS E - 1 2 9 0  

AACS E - 1 4 5 4  

AACS E - 1 2 9 0  

AACS E - 1 2 9 0  

AACS E-1290 
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P a c k e t  
P o s i t i o n  

P a c k e t  
Name 

T i m i n g  
P o a  it ion 

P a c k e t  
Name 

T i m i n g  
P o s i t i o n  

8 1 2 3 4 5 6 7 

LLMlA AACS AACS spare spare LLMlB U M l A  
01 05 04 01 02 

A N/A N/A A C 

“”“P 

A n o m a l y   F o r m a t  (Map 0 )  

1 2 3 4 5 6 7 

LLMlA AACS AACS spare spare LLMlB U M l A  
01 05 04 01 02 

A N/A N/A A C 

“”“P 

A n o m a l y   F o r m a t  (Map 0 )  

9 

AACS 
1 5  

N/A 

AACS 
10 

AACS 
06 

AACS 
03 

AACS 
0 5  

LLMlA 
10 01 01 02 0 3  01 

AACS LLM2B LLM2A LLMlB LLMlA 

A N/A A A A  C 

””” 

L a u n c h   P h a s e  I Format   (Map 1, during launch phase) 
~ ~ _-I-l-I- 

(CDS load state, see GLL-3-120 for f l i g h t  state) 

P a c k e t  
Name 

LLMlA  LLMlB  LLMlB LLMlB LLMlA LLMlA spare spare spare 
04 07 06  0 5  06 05  

A B C A B C 

””” * I  T i m i n g  
P o s i t i o n  

lunch 
- 

L a u n c h   P h a s e  11 Format   (Map 0 ,  du :ing 1 j h a s e )  
(CDS load state, see GLL-3-120 for f l i g h t  state)  

AACS 
15 

AACS 
0 5  

P a c k e t  LLMlA  LLMlA  LLMlB AACS 
Name 01 02 01 11 

RACS AACS 
12 13 

N/A  N/A 

AACS 
14 

N/A T i m i n g  I A 1 C I A I N/A 
P o s i t  ion 

Packet 
Name 

L W l A  
10 04 0 3  01 01 04 03 03 01 

AACS AACS AACS LLM2B LLMZA LLMlB LLMlB  LLMlA 

A N/A N/A  N/A A  A C A C 

I“”“-“ 
L a u n c h   I I I / M a n e u v e r / A l l  Spin F o r m a t   ( M a p   2 )  

(CDS load state, see GLL-3-120 for f l i g h t  s t a t e )  

T i m i n g  
Pos i t ion  

F i g u r e   A 2 . 2 . 2 0 .  GLL V a r i a b l e   E n g i n e e r i n g   F o r m a t s  

194  Change 1:  08/01/89 
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0 A 2 . 2 . 1 4 . 3   D i s i t a l   a n d   S o f t w a r e   M e a s u r e m e n t s  

T a b l e  A 2 . 2 . 9  p r o v i d e s   d e t a i l e d   d a t a   f o r   e a c h   d i g i t a l   a n d  s o f t w a r e  
m e a s u r e m e n t .   T h i s   d a t a   i n c l u d e s ,   s u b s y s t e m ,   t i t l e ,   m e a s u r e m e n t  
e n g i n e e r i n g   n u m b e r ,   t y p e   ( d i ~ i t a l / s o f t w a r e ) ,   w i d t h   i n   b i t s ,  a n d  t h e  
i n t e r p r e t a t i o n   o f   i n d i v i d u a l   b i t s .  

T a b l e  A 2 . 2 . 9 .  D i g i t a l   e n d   S o f t w a r e   B i t   D e f i n i t i o n s   ( B i t  1 i s  MSE)  

D i g i t a l   B i t   D e f i n i t i o n s  

B i t ( s )   M e a s u r e m e n t   C o n t e n t s  

1 1 1 1 1 I  "" 

I I I I I I  

I I I I I I I  

I 1 ~ P P S  2 . 4  K H Z  i n v e r t e r  IO=main  
I I s t a t u s  A I l = s t a n d b y  I 
I 2 ( P P S  Psu-1 p y r o   a r m  . l O = a r m e d  I 

I 3 I + X  R T G  i s o l a t i o n  I O = d i o d e   b y p a s s e d  I 
I ( d i o d e   b y p a s s  I l t d i o d e   u n b y p a s s e d  I 
I 4 ( P P S   u n d e r v o l t a g e  t r i p l O = n o m i n a l   v o l t a g e  I 

I 5 IRFS S - T U T A  p u r   o u t p u t l O = n o m i n a l   p u r   o u t p u t  I 

I 6 I R F S  X - e x c   p u r   o u t p u t   1 0 - n o m i n a l   p u r   o u t p u t  I 

I 7 (RFS X - T U T A  p u r   o u t p u t ( 0 = n o m i n e l   p u r   o u t p u t  I 

I 8 ~ R F S  s - e x c  pwr o u t p u t   I O = n o m i n a l   p u r   o u t p u t  I 

"""""""~""""""""""""""""-" 
I 

I I i n d .   I l r s a f e  I 

I l i n d  - A I l = u n d e r v o l t a s e  I 

I l i n t  - A l l = l o w  p ~ r  o u t p u t  I 

I l i n t  - A I ? = l o w  D W ~  o u t p u t  I 

I l i n t  - A I l = L o u  pwr o u t p u t  I 

I l i n t  - A ( l = l o u  D W ~  o u t p u t  I 

R F S / P P S   s t a t u s   w o r d  1 E - 0 0 1 8  

I 1 IPPS 2 . 4  KHz i n v e r t e r   I O = r n a i n  
I I s t a t u s  B l l = s t a n d b y  I 
I 2 ~ P P S  Psu-1 p y r o   I O = u n s h o r t e d  I 
I l u n s h o r t   i n d .   l l = s h o r t e d  I 
I 3 ! - X  R T G  i s o l a t i o n   l O = d i o d e   b y p a s s e d  I 
I l d i o d e   b y p a s s   l l r d i o d e   u n b v p a s s e d  I 
I 4 I P P S   u n d e r v o 1 t a g . e   t r i p ( O = n o m i n e l   v o l t a g e  I 

I 5 IRFS S - T U T A  p w r   o u t p u t l O = n o m i n a l  p u r   o u t p u t  I 
I l i n t  - B 1 1 = L O W  DWr OUtDUt I 
I 6 IRFS X - e x c  pwr o u t p u t   l O = n o m i n a l  p u r   o u t p u t  I 

I 7 ~ R F S  X - T U T A  pwr o u t p u t l o = n o m i n a l  pwr o u t p u t  1 

I 8 ) R F S   S - e x c   p w r   o u t p u t   I O = n o m i n a l   p u r   o u t p u t  I 

......................... 

I 

1 l i n d  - B l l t u n d e r v o l t a q e  I 

I l i n t  - 8 l l = l o w   p u r   o u t p u t  I 

I l i n t  - B l l = l O W  DWr OUtDUt I 

I l i n t  - B I l = l o w  D W ~  o u t p u t  I 

R F S / P P S   s t a t u s  word 2 E - 0 0 1 9  
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T a b l e   A 2 . 2 . 9 .   D i g i t a l   a n d   S o f t w a r e  B i t  D e f i n i t i o n s  ( B i t  1 i s  M S B )  

B i t ( s )   M e a s u r e m e n t   C o n t e n t s  

"""""""" 

......................... 

I 1 / X - b a n d  T U T A  power I O = h  i gh  power I 
I I I l l = l o u  Dower I I """"""" I 2 I C s 3   c u / c s 4  c c u  ( O = o f f  ( H G A )  I 
I I  I I I l = o n  ( L G A - 1  O R  LGA-2) I I I """""" I 3 I S - b a n d  TUTA-2 o n / o f f   ( O = o f f  

I l l  I I I l = o n  
' I  

I I I I """"" I 4 I X - b a n d  T U T A - 1  o n / o f f   I O = o f f  I 
I I I I  I I I I r o n  I 1 . 1  I I """" I 5 I t w o - w a y   n o n - c o h e r e n t   l O = o f f  1 
1 . 1  I I I I I I ? = o n  I 
I I I I I - - - - - -  I 6 I X - b a n d   e x c i t e r   n u m b e r ) O = s e l e c t  2 o r  X t r a n s -  I 
I I I I I I  I I  I m i t t e r s  o f f  I 
I I I I I I  I I l l = s e l e c t  1 I 
I I I I I I "" I 7 I S - b a n d   r a n g i n g  I O=on I 
I I I I I I I  I I l l = o f f  I 

I I 1 1 1 1 1 1  I I l l = r e c e i v e r  1 I 
I I 1 1 1 ' 1 1 1  

I I I I I I I - -  I 8 / r e c e i v e r  n u m b e r   I o = r e c e i v e r  2 I 

......................... 

I 1 ~ U S O  o n / o f f  I O=of f I 

I 2 I X - b a n d   r a n g i n g   o n / o f f l O = o n  I 
I I I I r o n  I 

I I I l = o f  f I 
I 3 ICs5 c c u  ~ O = H G A  ( o f f )  I 
I I I I = L G A  ( o n )  I 

I I r a n q i n g  I I r o n  I 

I I I l = o n  I 

I I I l = I o w   D o w e r  I 

I I  I o f f  I 
I I l l = s e t e c t  1 I 

I 4 ( d i f f e r e n t i a l   o n e - w a y   l O = o f f  I 

I 5 I S - b a n d  T U T A - 1  o n / o f f   l O = o f f  I 
I 6 I S - b a n d   l o w / h i g h   p o w e r l O = h i g h  power I 

I 7 ( S - b a n d   e x c i t e r   n u m b e r l O = s e l e c t  2 o r  S e x c i t e r s 1  

' 

I 8 IX-band T U T A - 2  o n / o f f   l o r o f f  1 
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T a b l e  A 2 . 2 . 9 .  D i g i t a l   a n d   S o f t w a r e   B i t   D e f i n i t i o n s  ( B i t  1 i s  H S B )  

B i t ( s )  M e a s u r e m e n t   C o n t e n t s  

"""""""" I 1 I X - b a n d  T U T A  p o w e r   I O = h i g h   p o w e r  I 
I I I ' l l = l o w  D o u e r  I I """"""" I 2 I C s 3   c u / c s 4  c c u  I O = o f f  ( H G A )  I 
I 1  I I I l t o n  ( L G A - 1  O R  L G A - 2 )  I I I """""" I 3 ( S - b a n d  TUTA-2 o n / o f f   ( O = o f f  I 
I l l  I I I 1 = o n  I I I I """"" I 4 I X - b a n d  T U T A - 1  o n / o f f   l O = o f f  I 
I I I I  I I I 1  = o n  I I I I I """" I 5 I t w o - w a y   n o n - c o h e r e n t   ) O = o f f  I 
I I I I I  I I I 1 = o n  I 
I I I I I """ I 6 ( X - b a n d   e x c i t e r   n u a b e r ( O = s e l e c t  2 o r  X t r a n s -  I 

""""""""""""""""""-"-"-------- 

I I  
I 1  
I I  
I I  
I 1  
I 1  
I I  

I I  
I I  
I I  
I 1  
I I  
I I  
I 1  

I 
I 
I 
I 
L 

1 1 1 2 1 3 ( 4 ( 5 1 6 1 7 1 8 1  R F S  S t a t u s  Word 1 ( B )  E - 0 0 5 2  

I I  I m i t t e r s   o f f  I 
I I 

"" I 7 ( S - b a n d   r a n g i n g  I O=on I 
I I I l = o f f  I 

I I  I I l = r e c e i v e r  1 I 
I 
1 

I l r s e l e c t  1 I 

- -  I 8 ( r e c e i v e r   n u m b e r   J O = r e c e i v e r  2 I 

"""~""""""""""""""""""""--- 
"""""""" I 1 (us0 o n / o f f  I O=of  f I 

I 1 = o n  I I I I """"""" I 2 I X - b a n d   r a n g i n g   o n / o f f l O = o n  I 
I I  I I l l = o f f  I I I """""" I 3 ICs5 ccu I O = I ~ G A  ( o f f )  I 
I l l  I I I I I """"" 1 4 ( d i f f e r e n t i a l   o n e - w a y   I O = o f f  I 
I I I I  I I r a n a i n q  I I I I """" I 5 I t - b a n d  T U T A - 1  o n / o f f   l o r o f f  I 
I I I I I  I I I 1  = o n  I 
I I I I I """ I 6 I S - b a n d  l o u / h i g h   p o w e r ) O = h i g h   p o w e r  I 
I I I I I I  I I I l = t o u  Dower I 
I I I I I I "" I 7 ( S - b a n d  e x c i t e r   n u m b e r l O = s e l e c t  2 o r  S e x c i t e r s )  
I I I I I I I  I I  I o f f  I 
1 1 1 1 1 1 1  I l l o s e t e c t  1 I 

I I I I I I I I  I I 
I I I I I I I I  
lJLul-u 

I I = L G A  ( o n )  I 

I l = o n  I 

I I I I I I I - -  I 8 ! X - b a n d   T U T A - 2   o n / o f f   l O = o f f  I 
I 1  = o n  I 

) 1 1 2 1 3 1 4 . 1 5 ( 6 1 7 1 8 1  R F S  S t a t u s  Word 2 ( A )  E - 0 0 5 3  

1 9 7  
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T a b l e  A 2 . 2 . 9 .  D i g i t a l   a n d   S o f t w a r e   B i t   D e f i n i t i o n s   ( B i t  1 i s  M S B )  

B i t ( s )  M e a s u r e m e n t   C o n t e n t s  
""""""""""""""""""""""-""~ 

"""""""" I 1 I X - b a n d   o u t p u t  2 I O=of  f I 

I 2 I X - b a n d   o u t p u t  1 I O=of f I 
I I I I I r o n  I I """"""" 

I I  I I I 1  = o n  I I I """""" I 3 [ X - b a n d   s u b c a r r i e r   I O = l o w * / v e r y   h i g h * *  

I l l  I l f r e a u e n c v   l l = h i g h  I 
I 

I 1 I """"" 

I I I I  I I I l = h i q h   r a t e   d a t a  I I I I I """" I 5 I S - b a n d   s u b c a r r i e r  IO=low I 
I I I I I  I l f r e a u e n c v   l l = h i g h  I 
I I I I I """ I 6 I S - b a n d   o u t p u t  2 I O=of  f I 
I I I I I I  I I I l = o n  I 
I I I I I I "" I 7 I S - b a n d   o u t p u t  1 I O=of  f I 
I I I I I I I  I I 1 1 = o n  I 

I 
I I I I I I I I  I l i n d i c a t o r  Il=TMU-A  on I - 

I 4 I S - b a n d   d a t a   r a t e  IO=low r a t e   d a t a  I 

I I I I I I I - -  I 8 I T M U  a c t i v e   u n i t  ~ ~ = T M u - B  o n  

1 1 1 2 ! 3 1 4 1 5 1 6 1 7 1 8 1  MDS T M U  S t a t u s  Word 1 ( A )  E - 0 0 5 5  

............................ 

"""""""" I 1 I C C  s e l e c t * * / T D R S   m o d e * l O = C C - l * * / O = o f f *  I 
I I I l = C C - 2 * * / l = o n ( n o   s u b c a r r i e r ) * l  """"_ 1 2 - 7 1 m o d   i n d e x  

I I 1 I O N .  Or350   mv .   63=1750   mv)  I 
I - -  I 8 ( X / S - b a n d  mod l O = S - b a n d  mod i n d e x  I 

w I ""I "" I I I i n d e x  I D  I l r X - b a n d  mod i n d e x  I 

I O = r a n g e   0 - 6 3  ( 2 2 . 2 2  mv p e r  I 

1 1 1 2 1 3 ! 4 ! 5 1 6 1 7 1 8 1  MDS T M U  S t a t u s  Word 2 ( A )   E - 0 0 5 6  

"""""""" 

......................... 

I 1 I X - b a n d   o u t p u t  2 I O=of  f 

I 2 I X - b a n d   o u t p u t  1 I Oxof f 
I 

I 
I I I 1 = o n  I I """"""" I 

I I  I I I 1  =on  I I I """""" I 3 I X - b a n d   s u b c a r r i e r   I O = l o w * / v e r y   h i g h * *  I 
I l l  I l f r e a u e n c v   l l r h i q h  I 1 I I """"" I 
1 1 1 1  I I l l t h i s h   r a t e   d a t a  I I I I I """" I 5 I S - b a n d   s u b c a r r i e r   l O = l o w  

I I I I I  I l f r e a u c n c v  I I t h i g h  I 
I 

I I I I I """ I 6 I S - b e n d   o u t p u t  2 I O=of  f 1 
I I I I I I  I I I 1  = o n  I 
I I I I I I "" I 7 I S - b a n d   o u t p u t  1 I O=of  f I 
I I I I I I I  I I I ' I=on I 

I 
I I I I I I I I  I ! i n d i c a t o r  l l = T M U - A  o n  I - 

I 4 ( S - b a n d   d a t a   r a t e  lO=low r a t e   d a t a  

I I 1 .  I I I I - -  I 8 I T M U  a c t i v e   u n i t  ~ O = T M U - B  o n  

1 1 ! 2 ! 3 1 4 1 5 1 6 1 7 1 8 1  MDS T M U  S t a t u s  Word 1 ( B )  E - 0 0 5 9  

* A p p l i e s  w h i l e   o n  T M U - B  
** A p p l i e s  f o r  T M U - A  o p e r a t i o n   ( C C - 2   o p e r a t i o n )  
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Table  A2.2.9.   Digital and Software B i t  De f in i t ions  ( B i t  1 i s  MSB) 

B i t l s l  Measurement Content s 

"""""""" 1 O=CC-l/O=off* CC select /TDRS mode 
TMU-A onlv/  l=CC-2/l=on  (no  subcarrier)* """"_ O=range 0-63 ( 2 2 . 2 2  mv per mod index 2-7 

I DN. 0 = 3 5 0  mv, 63=1750 mv 
r 

l=X-band mod index 
O=S-band mod index X/S-band mod index I D  8 

TMU Status Word 2 ( B )  E-0060 

"""""""" 

""""""" 

""""" 

"""" 

""" 

"" 

I I" 

"""""""" 

""""""" 

""""" 

"""" 

""" 

"" 

I I" 

1 

2 

CDS 4 . 8 ~ ~ 2  t e s t / A  

sDare 3 

PSU-1A enable  relays 

4 PPS pyro amps 1 A  

A s ta tus  

status  (pyro  events  
Mod 2 )  

5 PPS discharge 

MDS TMU a c t i v e   u n i t  6 
control ler   use  ind.  

lock  s tatus  
MDS CDU-A subcarrier 8 
lock  s tatus  
MDS CDU-A b i t  sync 7 
ind 

PPS/MDS/CDS s t a t u s  word 3 

O=inhibited 
l=enabled 
O=enabled 
l=disabled 

O=even # of pyro  events 

l=odd # of pyro  events 

O=not i n   u s e  
l = i n   u s e  
O=TMU-A a c t i v e  
l=TMU-B a c t i v e  
O=out of lock 
l = i n   l o c k  

'O=out of lock 
i l= in   lock 

s i n c e  BOM/POR 

s i n c e  BOM/POR 

E-0065 

1 

O=even # of pyro events  PPS pyro amps 1 B  4 
mare  3 

0-enabled PSU-1B enable  relays 2 
l=enabled 
OLinhibited CDS 4.8KHz test/B 

B s ta tus  l=disabled 

status  (pyro  events  
l=odd f of pyro  events Mod 2 )  
s i n c e  BOM/POR 

s i n c e  BOM/POR 
5 m a r e  
6 MDS CDU a c t i v e   u n i t  O*CDU-A a c t i v e  

ind I=CDU-B a c t i v e  
7 MDS CDU-B b i t   s y n c  O5out of lock 

lock  s tatus  l= in   l ock  
8 MDS CDU-B subcarrier O=out of lock 

lock  s tatus  l = i n   l o c k  

PPS/MDS/CDS s t a t u s  word 2 E-0066 

* Applies   while  on TMU-B; for TMU-A operation,   adjacent  def init ions  apply.  
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T a b l e  A2.2.9.   Digital  and Software B i t  De f in i t ions  ( B i t  1 is MSB) 

I 
"""""""" 

""""""" 

B i t t s l  Measurement Contents 

"""""" 

""""" 

"""" 

""" 

"" 

" 

"""""" 

""""" 

""" 

"" 

" 

1 

Otenabled PRB PPIU CCB i n h i b i t  3 
l=stowed unlatch  indicator 
OIunlatched DEV scan  platform 2 
l=disabled enable   re lav   s tatus  
O=enabled PPS PSU-2A Probe 

1 s t a t u s  1=safe  (see note 2 )  . 

ind. l = s a f e  

S U D D ~ V  A s t a t u s  1=on 

enable   re lav   s tatus  1-disabled 

indicator A (see note  l=attached 
1 below) 

Status  (pyro  events s i n c e  BOM/POR 
MOD 2 )  1-odd X of pyro  events 

s i n c e  BOM/POR 

4 

PPS S / C  separation 6 

O=off PRB DCP descent p o w e r  5 

O=armed PPS PSU-2 pyro arm 

OIseparated S / C  - IUS separation 7 

O=enabled 

8 O=even # of  pyro  events PPS pyro amps 2A 

UIImII 1 2 3 4 5 6 7 8  

Notes: 1) E-0067 
s e n t  t o  
enabled 

Q5 graph 3 

- 
3 

- 
6 

7 

- 
8 

unlatch  indicator 
DEV spun-despun 
separation  indicator 
PPS PSU-2 pyro 
unshort  ind. 
PRB DCP coas t  power 

s t a t u s  word E-0067 

"""""""" O=enabled PPS PSU-2B Probe 1 
enable  relav  status l=disabled 

""""""" OIunlatched DEV despun e l c t r n i c s  2 

supply  status 
PRB PPIU CCB i n h i b i t  
2 s ta tus  
S / C  - IUS separation 
indicator B (see note 
1 below) 
PPS pyro amps  2B 
status  (pyro  events  
MOD 2 )  

1-stowed 
OPsepatated 
1-attached 
O=unshorted 
l=shorted 
Orof f 

Ozenabled 
l = s a f e  
Onseparated 
l=attached 

Ozeven # of pyro  events 

l=odd # of pyro  events 
s i n c e  BOM/POR 

s i n c e  BOM/POR 

PPS/DEV/PRB s t a t u s  word E-0068 

(E-0068) b i t  7 controls   the  S / C  serial TLM data and c lock 
t h e  STS/IUS "A" ( " B " )  channel .   Serial   data and c lock  is 
( inh ib i t ed)  when b i t  7 is a logical "1" ( " 0 " ) .  See Para- 

. 4 . 1 .  
2 )  VVS 30VDC power is also inh ib i t ed   w i th   the   sa fe   condi t ion  of pRB 

PPIU CCB i n h i b i t  1 Status .  

Change 1: 07/01/89 200 
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T a b l e   A 2 . 2 . 9   D i g i t a l   a n d   S o f t w a r e   B i t   D e f i n i t i o n s  ( B i t  1 i s  M S B )  

B i t ( s )   M e a s u r e m e n t   C o n t e n t s  

"""""_"" I 1 I L L M - Z A  M P L O  
""""""""""""""""~"""""""""----- 

I O = o f  f I 
I 1 I I """"""- I 2 ILLM-2A Memory S u a p  I O = o f  f I 
I 1  I I I I """"_" I 3 I L L M - Z A  C C / D C  d i s a b l e   l O = o f f  I 
I l l  I I I l = o n  I D  I I I """_"  I 4 ILLM-2A b u s   s e l e c t  I O = B U S  - 2A 1 
I I I I  I I l l = B U S - Z B  I D  I I I I """- I 5 ILLM-2A b u s   a d a p t e r   w r i t e l O = o f f  I 
I I I I I  I I D r o t e c t  I 1  = o n  I D  
I I I I I - - - - -  I 6 (LLM-2A u r i t e   p r o t e c t   l O = o f f  I 
I I I I I I  I ~ 2 0 0 0 - 2 F F F / 6 0 0 0 - 6 F F F  

I I I I I I I - I  8 I s p a r e  I I u 

I l = o n  I D  

I 1  = o n  I D  

1 1  = o n  I D  

I I I I I I - - - I .  7 I L L M - Z A  u r i t e   p r o t e c t  I O = o f f  I 
I 1 I I I I I I 1 0 0 0 0 - 1 F F F / 4 0 0 0 - 5 F F F  I 1 = o n  I D  

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  HLMlA D E S P U N  C R C  R E G I S T E R S  0 - 3  ( M S B )  E - 0 1 5 3  
~""""""""""""""~"""""""-"-"------ "."""""" I 1 ILLM-2B M P L O  I O=of  f I 
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U r i t e   P r o t e c t   e n a b l e d  w h e n   o p p o s i n g   s t r i n g   i s  s e t  d i f f e r e n t l y .  
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T a b l e   A 2 . 2 . 9   D i s i t a l   a n d   S o f t w a r e   B i t   D e f i n i t i o n s   ( B i t  1 i s  H S B )  

For t h e  b i t   d e f i n i t i o n   o f   E - 0 1 5 8 ,  s e e  HLMlA SPUN C R C  STATUS U O R D  E - 0 1 6 8  
T h e i r   d e f i n i t i o n s   a r e   i d e n t i c a l .  

HLMlA DESPUN C R C  B A N K  A E - 0 1 5 8  

B i t ( s L  M e a s u r e m e n t   C o n t e n t s  
""""""~"""""""""""""""""--------- """""""- I 1 (HLM-lB M P L O  I O=of f I 

I I I 
I """_""" I 2 ( H L M - 1 6   m e m o r y   s w a p  I O=of  f 

I I  I I I l = o n  I D  

I I """""_ I 3 I H L M - I B  u r i t e   p r o t e c t   I O = o f f  I 
I l l  I 15000-5FFFIDOOO-DFFF 
I I I """-" I 4 ( H L M - I B  w r i t e   p r o t e c t   J O = o f f  I 
I I I I  1 1 4 0 0 0 - 4 F F F / C 0 0 0 - C F F F  I 1 = o n  I D  

I I I I """- I 5 I H L M - ~ B  w r i t e   p r o t e c t  I O.of f I 
I I I I I  I ~ 3 0 0 0 - 3 F F F / B O O O - B F F F  I 1  = o n  I D  
I I I I I - - - - -  I 6 IHLM-16 w r i t e   p r o t e c t  ( O r o f f  I 
I I I I I I  I 12000-2FFF/AOOO-AFFF 1 1  = o n  I D  

I 1  = o n  I D  

I 

1 1  = o n  I D  

I I I I I I - - - I  7 I H L M - ~ B  u r i t e   p r o t e c t  ) O = o f f  I 
I I 1 I I I I I ~ 1 0 0 0 - 1 F F F / 9 0 0 0 - 9 F F F  I l = o n  I D  

I I I I I I I - 1  8 IHLM-18 w r i t e   p r o t e c t  l o r o f f  I 
I I 1 I I I I I I ~ 0 0 0 0 - O F F F / 8 0 0 0 - 8 F F F  I l = o n  I D  u 

1 1 1 2 i 3 1 4 I 5 1 6 1 7 1 8 1  HLMlA  SPUN C R C  B A N K  B REGISTERS 0 - 3  ( H S B )  E - 0 1 5 9  

"""~""""""_"""""""""""""""~""- """"_""" I 1 I L L M - 1 B  M P L O  I O=of  f I 
I I I 
I """"""- I 3 I L L " ~ ~  memory  swap I O = o f  f I 
I I  I I 
I I """""- I 3 ILLM-16 C C / D C  d i s a b l e   l O = o f f  I 
I l l  I I I l = o n  I D  
I I I ""_""  I 4 ILLM-lB b u s  s e l e c t   I O = B U S - l A  I D  
I l l 1  I I I 1 = 6 U S - 1 6  I 
I I I I """- I 5 I L L M - l B  b u s   a d a p t e r   w r i t e ( O = o f f  I 
I I I I I  I l p r o t e c t  
I I I I I - - - - -  I 6 I L L M - 1 B  w r i t e   p r o t e c t   I O = o f f  I 
I I I I I I  I ~ 2 0 0 0 - 2 F F F / 6 0 0 0 - 6 F F F  

I I I I I I I - 1  8 I s p a r e  I I 

I l = o n  I D  

I 1 = o n  10 

1 l = o n  I D  

I 1  = o n  I D  
I I I I I I - - - I  7 I L L M - I B  w r i t e   p r o t e c t   l O = o f f  I 
I I I I I I I I ~ 0 0 0 0 - 1 F F F / 4 0 0 0 - 5 F F F  I 1 = o n  I D  

w 
) 1 1 2 ] 3 1 4 ) 5 1 6 ( 7 1 8 [  HLHlA SPUN C R C  B A N K  B REGISTERS 0 - 3  ( 2 S B )   E - 0 1 5 9  

D = ~ e p e n d e n t .   T h i s   s t a t e   o n l y   o c c u r s   w h e n  t h e  o p p o s i n g   s t r i n g ' s  C R C  b i t  i s  
s e t  s i m i l a r l y .  
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B i t t s )   M e a s u r e m e n t  C o n t e n t s  

I 1 [ B U M - l B  BA-2A w r i t e  IO=of f I 

I 2 ( B U M - 1 B  BA-2A w r i t e  IO=of f I 

............................ """""-"" 
I I I D r o t e c t   1 8 0 0 - 1 F F F / 5 8 0 0 - 5 F F F   I I = o n  I D  I """"""_ 
I I  I I D r o t e c t   1 0 0 0 - 1 7 F F / 5 0 0 0 - 5 7 F F   I I = o n  1 0  I I """""- I 3 IBUU-lB B A - Z A  w r i t e  

I l l  I 
I O=of f . I  

I I I """"_ I 4 ( B U M - 1 B  BA-2A w r i t e  IO=of f I 
I I I I  I I D r o t e c t   0 0 0 0 - 0 7 F F / 4 0 0 0 - 4 7 F F  I 1 = o n  I D  I I I I """_ I 5 I B U U - l B  BA-'18 w r i t e  I O=of f I 
I I I I I  I I D r o t e c t   1 8 0 0 - 1 F F F / 5 8 0 0 - 5 F F F   l 1 = o n  10 
I I I I I - - - - -  I 6 IBlJM-lB B A - 1 8   w r i t e  I O=of f I 
I I I I I I  I I D r o t e c t   1 0 0 0 - 1 7 F F / 5 0 0 0 - 5 7 F F  1 1  = o n  I D  

I I I I I I I  I l p r o t e c t   0 8 0 0 - O F F F / 1 8 0 0 - 4 F F F  1 1  = o n  I D  

I I I I I I I I I  I D r o t e c t   0 0 0 0 - 0 7 F F / 4 0 0 0 - 4 7 F F  I 1 = o n  10 
11111111 

I D r o t e c t   0 8 0 0 - O F F F / 4 8 0 0 - 4 F F F  I 1  = o n  1 0  

I I I I I I - - - I  7 I B U M - I B  B A - 1 B  w r i t e  IO=of  f I 

I I I I I I I - 1  8 ( B U M - 1 B  B A - 1 8   w r i t e  J O = o f  f I 

1 1 1 2 ! 3 1 4 1 5 1 6 1 7 1 8 1  HLMlA  SPUN C R C  B A N K  B REGISTERS 0 - 3  ( 3 S B )   E - 0 1 5 9  
............................ """""""_ I 1 l B U M - l B  T L W  c o n t r o l  B A  IO=BA-lB I 

I I I s e l e c t  I l rBA-2A I D  I """"""_ I 2 I G o l a y - l B   b u s   s e l e c t  I O = B U S - I A  10 
I I  I I I ~ = B u s - ~ B  I I I """""_ I 3 IBUU-lB  BA-2A  bus s e l e c t  IO=BUS-lA I 
I l l  I I I l = ~ u s - l B  I D  I I I """"- I 4 l B U M - l B  B A - 1 8   b u s   s e l e c t  I O = B U s - l A  I D  
I I I I  I I I ~ = B u s - ~ B  I I I I I """- I 5 ~ B U U - ~ B  memory  suap I O=of f I 
I I I I I  I I I I r o n  10 
I I I I I - - - - -  I 6 lBUM-lB w r i t e   p r o t e c t   l O = o f f  I 
I I I I I I  I ) 3 0 0 0 - 3 7 F F / 7 0 0 0 - 7 7 F F  I 1  = o n  I D  
I I I I I I - - - I  7 I B U M - ~ B  w r i t e   p r o t e c t  ( O = o f f  I 

I I I I I I 1 - 1  8 I B U M - l B  w r i t e   p r o t e c t  J O = o f f  I 
I I I I I I I I 1 2 8 0 0 - 2 F F F / 6 8 0 0 - 6 F F F  I I = o n  I D  

I I I I I I I I I ~ 2 0 0 0 - 2 7 F F / 6 0 0 0 - 6 7 F F  I l = o n  I D  

u 
( 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  H L M l A  S P U N  C R C  B A N K  B REGISTERS 0 - 3  (LSB)  E - 0 1 5 9  

D = D e p e n d e n t .  T h i s  s t a t e   o n l y   o c c u r s  when the  o p p o s i n g   s t r i n g ' s  C R C  b i t  i s  
s e t  s i m i l a r l y .  
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B i t ( s )  M e a s u r e m e n t   C o n t e n t s  
""""""~"""""""""""""-"""---------- ""_""""" I 1 I H I C / E U V  b u s  s e l e c t  I O = B U S - l A  

I I l l = B U S - l B  I I "_""""" I 2 I D D S  b u s   s e l e c t  l O = B U S - l A  

I I  I I l l = B U S - l B  I I "_"""" I 3 I E P D  b u s   s e l e c t  I O = B U S - ~ A  
I l l  I I I l = B U S - l B  I I I "_"""  I 4 I P U S  b u s   s e l e c t  l O = B U S - l A  

I I I I  I I I l = B U S - l B  I I I I """- I 5 I M A G  b u s   s e l e c t  ( O = B U S - l A  

I I I I I  I I I l s B U S - l B  
I I I I I - - - - -  I 6 I P L S  b u s   s e l e c t  
I I I I I I  I I 1 1 - B U S - 1 8  

I I I I I I I  I I I l = B U S - l B  

I D  
I 
I D  
I 
I D  
I 
I D  
I 
I D  
I 
I D  
I 
I D  
I 
I 
I D  

I O = B U S - I A  

I I I I I I - - - I  7 I A A C S - B  b u s   s e l e c t  I O = B U S -  1~ 

I I I I I I I - 1  8 I A A C S - A  b u s   s e l e c t  l O = B U S - l A  

I I I I I I I I I  I I l = B U S - l B  w 
1 1 ( 2 ( 3 ( 4 1 5 ( 6 1 7 1 8 1   H L M l A   S P U N   C R C   B A N K  B R E G I S T E R S  4 - 7  ( M S B )  E - 0 1 6 0  

"""""_"" """"""""""""""""""-"""""--------- 
I 1 I D B U M - l B  Memory  Swap ( O = o f  f 

I 2 ( D B U M - 1 A  Memory  Swap I O=of  f 

I 
I D  
I 
I D  

I I 
I 
10 
I 
I D  
I 
I D  
I 
I D  
I 
I D  

I I I I "_""""" 
I I I l = o n  

I I "_"""" I 3 I s p a r e  
I I I ""_"" I 4 I H C D   P O R  t e s t  s e l e c t  I O = P C - l A  

I I I I  I I I l = P C - l B  I I I I " _ " "  I 5 l t i m i n g   c h a i n   m a n u a l  I O=of f 

I I I I I  I I s e l e c t  c o n t r o l  
I I I I I - - - - -  I 6 l t i m i n g  c h a i n   m a n u a l  
I I I I I I  I l s e l e c t  ( l = T C - l B  

I I I I I I I I l c o n t r o '  

I I I I I I I I I ! s e l e c t  w 

I l = o n  

@ 1 1  

I 1  = o n  
( O = T C -   1 A  

I I I I I I - - - I  7 ( P O R  f a u l t   o v e r r i d e   I O = o f  f 

I I I I I I I - 1  8 I P O R  f a u l t   o v e r r i d e  ) O = P C - l A  
I 1  = o n  

I l = P C -   1 6  

1 1 1 2 1 3 1 4 1 5 1 6 1 7 ( 8 1   H L M l A   S P U N   C R C   B A N K  B R E G I S T E R S  4 - 7  ( 2 S B )  E - 0 1 6 0  

~ = ~ e p e n d e n t .  T h i s  s t a t e   o n l y   o c c u r s   w h e n   t h e   o p p o s i n g   S t r i n g ' s  C R C  b i t  i s  
s e t  s i m i l a r l y .  
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BitCs) U e a s u r e m e n t  C o n t e n t s  

I 1 I s p a r e  I I """""""_ """""""""~"""""""""""""""-""" 
I - - - - - - - - - - - - 1 2 - 3 1 h i   r a t e  T L U  mod TUU-18  )OO=LLU-lA ( N o t e  1 )  I 
I I  I I s e l e c t  I O I = B U U - I A  I 
I I  I I  I I O = L L M - I B  I 
I I  I I I ~ I = B U U - I B  I 1 1  """"_ I 4 ( L o u   r a t e  T L U  mod T U U - 1 B  (O=LLU-lA I D  
I l l  I I s e l e c t  I I = L L M - I B  1 1 1 1  """_ I 5 I s p a r e  1 -  I 
I I I I "" 1 6 - 7 ) h i   r a t e  T L U  mod T U U - 1 A  IOO=LLU-lA ( N o t e  2 )  I 
I I I I  I I I s e l e c t  I O I = B U U - I A  I 
1 I I I  I I I  J ~ O = L L U - I B  I 
I I I I  I I I l l = B U U - l B  I 

I I I I I I I I s e l e c t  I I = L L U - ~ B  I D  
11111111 

I I I I I - 1  8 l l o u  r a t e  T L H  mod T U U - 1 A  IQ=LLU-lA I 

) 1 ~ 2 1 3 1 4 1 5 1 6 ~ 7 ~ 8 1  HLMlA S P U N  C R C  B A N K  B REGISTERS 4 - 7   ( 3 S B )   E - 0 1 6 0  

"""""""_ ............................ 

I 1 I s p a r e  D B U U  s e l e c t  
I 

( O = D B U H - I A  I D  

I I I ~ = D B U U - ~ B  I I """"""_ I 2 I D B U U - l B  b u s  s e l e c t  

I I  
J O = B U S - ~ A  

I 
I D  

I I 1 = ~ u s -  I B  I I I """""_ I 3 I D U S  D B U U  s e l e c t  ( O = D B U U - I A  I 
I l l  I I I ~ = D B U U - ~ B  I D  I I I """"_ I 4 I D B U U - 1 A  b u s   s e l e c t  

I I I I  I I I ~ = B U S - I B  I D  I I I I """_ I 5 I C R C - l B  b u s   a d a p t e r   u r i t e l O = o f f  I 
I I I I I  I I p r o t e c t  I 1  = o n  I D  
I I I I I - - - - -  I 6 I C R C - 1 B  b u s   s e l e c t  ~ O = B U S - ~ A  I D  
I I I I I I  I I \ l = S U S - l B  I 

1 1 1 1 1 1 I  I I D r o t  e c  t I 1  = o n  I D  

I 1 1 1 1 1 1 1 I  I I l = ~ u s - i ~  I D  u 

IO=BUS-lA I 

I I I I I I - - - I  7 I C R C - 1 A  b u s   a d a p t e r   u r i t e l O = o f f  I 

I I I I I I I - 1  8 I C R C - 1 A  b u s   s e l e c t  IO=eus- I A  I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  HLUlA S P U N  C R C  B A N K  B REGISTERS 4 - 7  ( L S B )  E - 0 1 6 0  

D S D e p e n d e n t .   T h i s   s t a t e   o n l y   o c c u r s  when the  o p p o s i n g   s t r i n g ' s  C R C  b i t  i s  
s e t  s i m i l a r l y .  

N o t e  2 - The L L U ' s  a r e  the  s o u r c e   o n l y   i f   b o t h   s t r i n g s '  C R C  b i t  7 a r e   r e s e t  
( l o g i c a l  0 ) .  
T h e  B s t r i n g  ( L L U  o r  B U U )  i s  the  s o u r c e  o n l y  i f   b o t h   s t r i n g s '  C R C  b i t  
6 a r e  s e t  ( l o g i c a l  1 ) .  
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T a b l e   A 2 . 2 . 9   D i g i t a l   a n d   S o f t w a r e  B i t  D e f  

B i t ( s )  M e a s u r e m e n t  

I 

I 

"""" 

I 
"""I """ 

i n i t i o n s  ( B i t  1 i s  M S B )  

C o n t e n t s  
"""~""""""""""""""""""""-----"-- 
1 - 6 1 H C D - l A   c o m m a n d   m e s s a g e  16 L S B s  o f  cmd m e s s a g e   s . e n t  I 

I number I t o  H C D - 1 A  I 
7 I H C D - ~ A  s t a r t  I O = e r r o r - f r e e   s t a r t   w o r d  I 

l w o r d   b i t   e r r o r   s t a t u s  l l = e r r o r   i n   s t a r t   w o r d  I 
8 I H C D - 1 A  m e s s a g e  I O n a c c e p t e d  I 

l s t a t u s  I l r r e i e c t e d  I 
HLMlA H C D  C O M M A N D  SUMMARY U O R D  E - 0 1 6 1  
"""""""""""""""""""""""""""" ~~ ~ ~ 

1 - 8 I H C D - l A   m e s s a g e s   r c c c i v c d l i n c r e m e n t s   b y   o n e   f o r   e a c h  ] 
( a n d   a c c e p t e d   c o u n t e r   / m e s s a g e   a c c e p t e d   b y  H C D - 1 A  I 
I ItMOD 2 5 6 )  I 

HLMlA MSG R C V D  A N D  A C C E P T E D  C O U N T E R  E - 0 1 6 2  

1 1 - 8 1 H C D - l A   m e s s a g e s  r e c e i v e d l i n c r e m e n t s   b y   o n e   f o r   e a c h  I 
I l a n d   r e j e c t e d  ( m e s s a g e   r e j e c t e d   b y  H C D - 1 A  I 
I l c o u n t e r  I ( M 0 D  2 5 6 )  ' I 

""""""""""""~""""""""-""""""" 

u 
1 1 2 ! 3 ! 4 ! 5 ! 6 ! 7 1 8 1  H L M l A  MSG R C V D  A N D  R J C T D  C O U N T E R  E - 0 1 6 3  

"""" 

"""""""""""""""""""""""""""-- 
( 1 - 8 1 H C D - l A   c o m m a n d   f r a m e   l i n c r e m e n t s   b y   o n e  f o r  e a c h  I 

I I l e r r o r s   d e t e c t e d   c o u n t e r  l c o m m a n d   f r a m e   d e t e c t e d  w i t h )  

"""I - ""_ I I l e r r o r s  b y  H C D - 1 A  ( M O D  2 5 6 )  I - 
1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  H L M i A  C M D  F R A M E  ERRORS D E T E C T E D  C O U N T E R  E - 0 1 6 6  

"""" ( 1 - 8 I H C D - 1 A   d a t a   f r a m e   e r r o r s l i n c r e m e n t s   b y   o n e   f o r   e a c h  I 
I I l c o r r e c t e d   c o u n t e r   l d a t a   f r a m e   c o r r e c t e d   b y  I 

"""I- ""- I I I H C D - I A  ( M O D  2 5 6 )  I 

""""""""""""""""""""-"""""-"" 

u 
1 1 1 2 ~ 3 ~ 4 ~ 5 1 6 1 7 1 8 1  HLMlA D A T A  F R A M E  E R R O R S  C O R R E C T E D  C O U N T E R  E - 0 1 6 5  

............................. 

"""" I l - 8 1 H C D - l A   d a t a   f r a m e   e r r o r s l i n c r e m e n t s  by  o n e   f o r   e a c h  I 
I I ( u n c o r r e c t a b l e   c o u n t e r   l e r r o n e o u s   d a t a   f r a m e  I 
I I I  l u n c o r r e c t a b l e   b y  H C D - I A  I 

"""I """ 1- I .w 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 (  HLMlA D A T A  F R A M E  ERRORS U N C O R R E C T A B L E  C O U N T E R  E - 0 1 6 6  

"""" 

............................ 

I l - B ( H C D - 1 A   l o c k   c h a n g e s   l i n c r c m e n t s  b y  o n e   f o r   e a c h  I 
I I l c o u n t e r   l l o c k   c h a n g e   p r o v i d e d   t o  I 

"""I """ I I I H C D - I A  ( M O D  2 5 6 )  I 
w 

( 1 1 2 1 3 1 4 1 5 1 6 1 7 1 6 1  HLMlA L O C K  CHANGES C O U N T E R  E - 0 1 6 7  
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B i t t s )   M e a s u r e m e n t   C o n t e n t s  
............................ """""""- I 1 ( C R C - 1 A  B A  w r i t e   b u s y   ( O = n o   e r r o r  I 

I I l e r r o r   s t a t u s   I l = w r i t e   a t t e m D t  u h e n  b u s y  I I """"""_ I 2 I C R C - I A   B A  w r i t e   p r o t e c t   l O = n o   e r r o r  I 
I I  I - 1 e r r o r   s t a t u s   I l = e r r o r  I I I """""_ I 3 I C R C - 1 A  command b l o c k   l O = n o   a t t e m p t  ' I  
I l l  I l w r i t e   a t t e m D t   l l = o n e   o r   m o r e   a t t e m p t s  I I I I """"_ I 4 ICRC-IA  power c o n v e r t e r /   l O = n o  P O R  1 
I I I I  I I H C D  P O R  s t a t u s   l l = o n e   o r   m o r e  P O R s  I I I I I """_ I 5 I s D a r e  I I 
I I I I I - - - - -  1 6 l m u l t i p l e   f r a m e  C U D  w i t h  ) O = n o   e r r o r  I 
I I I I I I  I l r e r o   d a t a   f r a m e s   I l = o n e   o r   m o r e   e r r o r s  I 
I I I I I I - - - I  7 I C R C - 1 A  B A  BUS p a r i t y  I O = n o   e r r o r  I 
I I I I I 1 I I l e r r o r   s t a t u s  I l = o n e   o r   m o r e   e r r o r s ,   a n y  I 

I I I I I I I - 1  8 I C R C - 1 A  B A  t r a n s a c t i o n   l O = n o   e r r o r  I 
I I I I I I I I I l p a r i t y   e r r o r   s t a t u s   I l = o n e  o r  m o r e   e r r o r s ,  I 
I I I I I I I I I  I I C R C - 1 A   B A  i n v o l v e d  I u 

I 1 1 1 1 1 1  I I I B A  i n v o l v e d  I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 )  HLMlA  SPUN C R C  S T A T U S  U O R D  E - 0 1 6 8  A N D  
HLMlA S P U N  C R C   B A N K  A .  E - 0 1 5 8  
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Bi  t t s )   M e a s u r e m e n t   C o n t e n t s  

"""""""_ I 1 l 6 U S - l A   o v e r r u n   s t a t u s   l O = n o   o v e r r u n  
"""""""""""""""""""""""""------ 

I 
I I I  
I I l a c t i o n   i n   p r o c e s s  a t  R T I  I I """"""_ I 2 I H L M - ~ A  s e l f - t e s t  I O = p a s s  I 
I I  I ) f a i l u r e   s t a t u s  I I """""_ I 3 ( H L M - 1 A  k e e p - a l i v e  P O R  IO=no  K A P O R  I 
I l l  I I s t a t u s   I l = o n e   o r   m o r e  K A P O R s  w i t h  I 
I l l  I I lmemorv  l o s s  I I I I """"- I 4 I H L M - l A  P O R  s t a t u s   ) O = . n o  P O R  I 
I I I I  I I  ( l = o n e   o r   m o r e  P O R s ,  a n y  I 
I I I I  I I I D o w e r   f a i l u r e  I I I I I """- I 5 I H L M - I A  m i c r o p r o c e s s o r   I O = i n   s y n c  I 
I I I I I  I ( s y n c - i d l e   s t a t u s   I l = o u t  o f  s y n c   ( 1 8 0 2  v s  8 I S ) I  
I I I I I  I I 
I I I I I - - - - -  I 6 I H L M - l A  B A  b u s   p a r i t y   I O = n o   e r r o r  I 
I I I I I I  I . l e r r o r   s t a t u s  - d e s p u n   l l = o n e   o r   m o r e   e r r o r s ,   a n y  I 
I I I I I I  I lmux I B A  i n v o l v e d  ( D E S P U N  M U X )  I 

I I I I I I I  I I l B A  i n v o l v e d ( B C   o r  S P U N  M U X ) I  

I I I I I I I I I  I I H L M - l A  B A  i n v o l v e d  I 

I l = o v e r r u n   e r r o r ,  b u s  t r a n s - I  

I l = f a i l  I 

] / i d l e   l o c k u p  I 

I I I I I I - - - I  7 ( H L M - 1 ~  B A  b u s   p a r i t y   ( O = n o   e r r o r  I 
I I I I 1 I I I [ e r r o r   s t a t u s   I l = o n e   o r   m o r e   e r r o r s ,   a n y  I 

I I I I I I I - 1  8 I H L M - 1 A  E A  t r a n s a c t i o n   l O = n o   e r r o r  I 
I I I I I I I I I l p e r i t y   e r r o r   s t a t u s   l l = o n e   o r   m o r e   e r r o r s ,  I 
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B i t t s )   M e a s u r e m e n t   C o n t e n t s  

I 1 ~ H C D  p a r i t y   e r r o r   s t a t u s   l O = n o   e r r o r  """""""_ """""""""""""""""""""""""""" 

I 
I I I  
I I l f r o m  H C D  t o  H l M - 1 A  I I """"""_ I 2 I H L H - ~ A  m i c r o p r o c e s s o r  IO=no e r r o r  I 
1 1  1 l m e m o r y   r e a d   p a r i t y   e r r o r l l = o n e   o r   m o r e   p a r i t y   e r r o r s l  
I I  I I s t a t u s   l w h e n  memory  read b y  I 
I I  I I I D r o c e s s o r  I I I """""- I 3 I H L H - 1 A  B A  m e m o r y   r e a d   ( O = n o   e r r o r  I 
I l l  I l p a r i t y   e r r o r   s t a t u s   J l = o n e   o r   m o r e   p a r i t y   e r r o r s l  
I l l  I I !when  memory  read b y  B A  I I I I """"- I 4 ( H L H - 1 A  b u s   c o n t r o l l e r   ( O = n o   e r r o r  I 
I I I I  I l m e m o r y   r e a d   p a r i t y   e r r o r ) l = o n e   o r   m o r e   p a r i t y   e r r o r s l  
I I I I  I l s t a t u s   l u h e n  memory  read b y  B C  I I I I I """- I 5 I H L H - ~ A  m i c r o p r o c e s s o r   ( O = n o  H P L O  I 
I I I I I  I l l o c k o u t   s t a t u s  I ~ = M P L O  I 
I I I I I - - - - -  I 6 I H L H - 1 A  B A  w r i t e   p r o t e c t   I O = n o   e r r o r  I 
I I I I I I  I l e r r o r   s t a t u s  
I I I I I I  I I I D r o t e c t e d  memory 

l l = w r i t e   a t t e m p t  by B A  i n t o  I 
I 

I I I I I I - - - I  7 I H L H - I A  m i c r o p r o c e s s o r   I O = n o   e r r o r  I 
I I I I I I I 1 l w r i t e   p r o t e c t   e r r o r   I l = w r i t e   a t t e m p t  b y  I 

I l = o n e   o r   m o r e   p a r i t y   e r r o r s l  

I I I I I I I I I s t a t u s   l p r o c e s s o r   i n t o   p r o t e c t e d  I 
I I I I I I I  I I I memory I 

I I I I I I I I I I e r r o r   s t a t u s   l l r w r i t e   a t t e m p t  b y  H C D  i n t o ]  
I I I I I I I I I  I I D r o t e c t e d   m e m o r y  I 
11111111 

I I I I I I I - 1  8 I H C D  w r i t e   p r o t e c t   J O = n o   e r r o r  I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  HLHlA E R R O R  U O R D S  l O S L  0 - 1 - 2   ( 2 S B )   E - 0 1 6 9  

""""""" 

............................ 

I l - 2 l q r o u n d e d   s p a r e  I I 
I - - - - - - - - - I 3 I P L L - 1 B  t i m i n g   c h a i n   ( O l t i m i n g   c h a i n  A I 
I I  I I s e l e c t   s t a t u s   I l = t i m i n s   c h a i n  B I 1 1  """"_ I 4 I P L L - 1 A  t i m i n g   c h a i n   l O = t i m i n g   c h a i n  A I 
I I I  I I s e l e c t   s t a t u s   l l = t i m i n a   c h a i n  B I I I I """ 1 5 - b l a r o u n d e d   s ~ a r e  I I 
I 1 I 1 - - - I  7 I p h a s e   l o c k e d   l o o p  1 B  lO=no P O R  I 
I I I I I I I P O R  s t a t u s   I l = o n e   o r   m o r e  P O R s  I 
I I I I I - 1  8 ) p h a s e   l o c k e d  l o o p  1 A  l D = n o  P O R  I 
I I I I I I I I P O R  s t a t u s  ' 1 1 - o n e   o r   m o r e  P O R s  I u 
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B i t ( s )   M e a s u r e m e n t   C o n t e n t s  
""""""""_"""""""""""""""""""- """"""_ I 1 - 3 l s p a r e  I I 

I 4 I B U M - 1 A  POR s t a t u s   ) O = n o  P O R  I I 
I 1  I 1 ( 1 - o n e   o r   m o r e  P O R s  I 1 1  """- I 5 I B U M - l A  B A  2 6   b u s   p a r i t y   ( O = n o   e r r o r  I 
I I I  I l e r r o r   s t a t u s   ( l = o n e   o r   m o r e   p a r i t y   e r r o r s (  
I I I  I I [ i n v o l v i n g   a n y  B A  o n   i t s  b u s 1  I I I ""- I 6 l E U M - l A  B A  2 8   t r a n s a c t i o n l O = n o   e r r o r  i 
I I l l  I l p a r i t y   e r r o r   s t a t u s   ( l o o n e   o r   m o r e   p a r i t y   e r r o r s l  
I I l l  I I l i n v o l v i n g   B U M - 1 A ' s   E A - 2 8  I 

I I I I I  I I 

""""_ 

I I I I - - - I  7 I B U U - l A  B A  1 A  b u s   p a r i t y   ( O = n o   e r r o r  I 
I I I I I I l e r r o r   s t a t u s  (Irene or  m o r e   p a r i t y   e r r o r s l  

l i n v o l v i n q   a n y  E A  o n  i t s   b u s ]  
I I I I I - 1  8 I B U M - l A  B A  1 A  t r a n s a c t i o n l O = n o   e r r o r  I 
I I I I I I I l p a r i t y   e r r o r   s t a t u s   I I = o n e   o r   m o r e   p a r i t y   e r r o r s l  

- 1 -  I I I I I I I l i n v o l v i n q   B U M - 1 A ' s   E A - 1 A  I u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  H L M l A  B U M  E R R O R  UORDS ( M S B )   E - 0 1 7 1  

""""_""" I 1 I E U M - I A  t e l e m e t r y  
............................ 

J O = n o   e r r o r  I 
I I I f o r m a t t e r   m e m o r y   r e a d  l l r o n e   o r   m o r e   p a r i t y  e r r o r s (  

I I l p a r i t y   e r r o r   s t a t u s  l u h e n   m e m o r y   r e a d   b y  I 
I I I I f o r m a t t e r  I 

I I  1 l s e q u e n c e r   m e m o r y   r e a d  J l = o n e   o r   m o r e   p a r i t y  e r r o r s 1  

I I  I J p a r i t y   e r r o r   s t a t u s  l u h e n   m e m o r y   r e a d   b y  I 
I I  I I l s e a u e n c e r  I 
I I """""_ I 3 ( B U M - l A  B A - 2 B   ( O = n o   e r r o r  I 
I l l  I l m e m o r y   r e a d   p a r i t y   e r r o r ( l = o n e   o r   m o r e   p a r i t y   e r r o r s l  
I l l  I l s t a t u s   ! w h e n   m e m o r y   r e a d  b y  E A - 2 8  I I I I """"_ I 4 I B U M - l A  B A - 1 A  I O = n o   e r r o r  I 
I I I I  
I I I I  I I I I """ ) 5 - 6 l s p a r e  I I 

I I I I I I I l s t a t u s ,   l i n t o   D r o t e c t e d  memory I 

I I I I I I I I I s t a t u s   l i n t 0   p r o t e c t e d  memory w 

I """"."" 1 2 ~ B U M - I A  t e l e m e t r y  10=no  e r r o r  I 

I lmemory  r e a d   p a r i t y   e r r o r ) l = o n e   o r   m o r e   p a r i t y   e r r o r s !  

I l s t a t u s  l u h e n   m e m o r y   r e a d  b y  E A - 1 A  I 

I I I I I - - - I  7 ( E U M - 1 A  EA-2B IO=no e r r o r  I 
I I I I I I I l u r i t e   p r o t e c t   e r r o r  l l r u r i t e   a t t e m p t  by  EA-2E I 

I I I I I I - 1  8 l B U M - 1 A  B A - 1 A  ( O = n o   e r r o r  I 
I I I I I I I I J u r i t e   p r o t e c t   e r r o r  l l i u r i t e   a t t e m p t  b y  B A - 1 A  I 

I 
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B i t < s l   M e a s u r e m e n t  C o n t e n t s  

I l - 3 l s ~ a r e  I I 
""""""""~"""""""~""""""""-""--- """"""_ 

I ""_"" I 4 IBUM-lB P O R  s t a t u s   l O = n o  P O R  I 
I I  I I l l = o n e   o r   m o r e  P O R s  I 1 1  """_ I 5 ( B U M - 1 B  E A - 2 A  b u s   p a r i t y   l O = n o   e r r o r  I 
I I I  I l e r r o r   s t a t u s  
I I I  I I l i n v o l v i n e   a n y  B A  o n   i t s  b u s 1  I I I ""- I 6 IBUM-lB  BA-2A t r a n s a c t i o n l O = n o   e r r o r  I 
I I l l  I ) p a r i t y   e r r o r   s t a t u s   I l = o n e   o r   m o r e   p a r i t y   e r r o r s l  
I I l l  I I l i n v o l v i n q   B U M - l B a s  B A  2 I 

l l = o n e   o r   m o r e   p a r i t y   e r r o r s 1  

I I I I - - - I  7 (BUM-lB  E A - 1 B  b u s   p a r i t y   l O = n o   e r r o r  I 
I I I I I 1 l e r r o r   s t a t u s   I l = o n e   o r   m o r e   p a r i t y   e r r o r s (  

I I 1 I I - 1  8 IBUM-lB B A - 1 B  t r a n s a c t i o n l O = n o   e r r o r  I 
I I I I I I I [ p a r i t y   e r r o r   s t a t u s   I l = o n e   o r   m o r e   p a r i t y   e r r o r s l  

I I I I I  I I l i n v o l v i n q   a n y  B A  o n   i t s  b u s 1  

- I -  I I I I I I I l i n v o l v i n q  B U M - l B a s  S A  1 I u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  H L M 1 A  BUM E R R O R  U O R D S  ( 3 S B )   E - 0 1 7 1  """""""_ 1 1 ~ B U M - ~ B  t e l e m e t r y   1 0 = n o   e r r o r  I 

I 
I 

I I f o r m a t t e r   m e m o r y   r e a d  I l = o n e   o r   m o r e   p a r i t y   e r r o r s l  
I I p a r i t y   e r r o r   s t a t u s  l w h e n   m e m o r y   r e a d   b y  I 

I I I l f o r m a t t e r  I I """"_"" I 2 ~ B U M - I B  t e l e m e t r y   I O = n o   e r r o r  I 
I I  
I I  

I l s e q u e n c e r   m e m o r y   r e a d  I l = o n e   o r   m o r e   p a r i t y   e r r o r s l  
I I p a r i t y   e r r o r   s t a t u s  l w h e n   m e m o r y   r e a d   b y  I 

I I  I I l s c a u e n c e r  I I I """""_ I 3 IEUM-lB   BA-2A  lO=no   error  I 
I l l  
I l l  I l s t a t u s   l w h e n   m e m o r y   r e a d   b y  B A - 2 A  I 
I I I """"_ I 4 \ B U M - 1 B  B A - 1 8   1 0 = n o   e r r o r  I 
I I I I  I l m e m o r y   r e a d   p a r i t y   e r r o r l l = o n e   o r   m o r e   p a r i t y   e r r o r s l  
I I I I  I l s t a t u s   l w h e n   m e m o r y   r e a d   b y  B A - 1 B  I I I I I """ ( 5 - 6 1 s ~ a r e  I I 

............................ 

I l m e m o r y   r e a d   p a r i t y   e r r o r l l = o n e   o r   m o r e   p a r i t y   e r r o r s l  

I 1 I I I " - 1  7 ( B U M - l B   E A - 2 A   I O = n o   e r r o r  1 
I I I I I I I ( w r i t e   p r o t e c t   e r r o r   l l n w r i t e   a t t e m p t   b y  B A - 2 A  I 

I I 1 I I ( - 1  8 ( B U M - l B  B A - 1 B  (O=no e r r o r  I 
I I I I I I I I l w r i t e   p r o t e c t   e r r o r   l l r u r i t e   a t t e m p t   b y  E A - 1 B  I 

I I I I I  I I I s t a t u s   l i n t 0   D r o t e c t e d   m e m o r y  I 

I I I I I I I I I s t a t u s   l i n t 0   D r o t e c t e d   m e m o r y  I 
Lu"u 
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B i t ( s 1   M e a s u r e m e n t   C o n t e n t s  

"""""""- """"""_"""""""""~"""""""""""" 
I 1 (DMS i l l e g a l  commend  IO=no i l l e g a l  command I 

I 
I 

I ( s t a t u s   I l = i l l e g a l  cmd ( n o t   p e r  D M S  1 
I I I C M D  d i c t i o n a r y )  I I """"""- I 2 ( D B U M - I A  s e q u e n c e r   o u t p u t ( O = n o   e r r o r  I 

I I  I l m e m o r y   r e e d   p a r i t y   e r r o r l l = o n e   o r   m o r e   p a r i t y   e r r o r s l  
I I  I I s t a t u s   l u h e n   m e m o r y   r e a d   b y  D B U M  I 
I I  I I l s e q u e n c e r  I I I "-"""" I 3 ~ D B U M - I A  f o r m a t t e r   m e m o r y ( O = n o   e r r o r  I 
I l l  I l r e a d   p a r i t y   e r r o r   s t a t u s l l = o n e   o r   m o r e   p a r i t y   e r r o r s l  
I l l  I I  l u h e n   m e m o r y   r e a d   b y  I 
I l l  I I I f o r m a t t e r  I 
I I I """"_ I 4 I D B U M - l A  b u s   a d a p t e r   I O = n o   e r r o r  I 
I I I I  I l m e m o r y   r e a d   p a r i t y   e r r o r ) l = o n e  or  m o r e   p a r i t y   e r r o r s 1  

I I I I  I l s t a t u s   ! w h e n   m e m o r y   r e a d   b y  B A  I 
I I I I """. I 5 lDMS t a p e   d i r e c t i o n   I O = f o r u a r d  I 
I I I I I  I l s t a t u s  
I I I I , I  - - - - -  I 6 lDBUM-lA P O R  S t a t u s  
I I I I I I  I I I l - o n e   o r   m o r e  P O R s  I 

I I I I I I I  I I ( i n v o l v i n g   a n y  B A  I 

I I I I l l I l l  I ! i n v o l v i n g  D B U M - 1 A  B A  I - 
I l = r e v e r s e  I 
( O = n o  C O R  I 

I I I I I I - - - I  7 I O B U M - l A  b u s   a d a p t e r   b u s   l O = n o   e r r o r  I 
I I I I I I I I l p a r i t y   e r r o r   s t a t u s   ( l = o n e   o r   m o r e  p a r i t y   e r r o r s (  

I I 1 I I I I - 1  8 ( D B U M - I A  B A  t r a n s a c t i o n   I O = n o   e r r o r  I 
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I I .I I I - - - - -  I 6 IUVS b u s   s e l e c t  I O = B U S - Z A  I D  
I I I I I I  I 1 I 1  = B U S -  2 8  I 
I I I I I I " 1 7 - B l s P e r e  I I 
I I I I I I  I I I I u 

~ 1 ~ 2 ~ 3 1 4 1 5 ~ 6 1 7 1 8 ~  HLHlB DESPUN C R C  REGISTERS 0 - 3  ( 3 S B )  E - 0 6 5 3  

"""""."" ............................ 

I 1 I C R C - Z B  B A  w r i t e   b u s y   I O = n o   e r r o r  I 
I I l e r r o r   s t a t u s   j l = u r i t e   a t t e m ~ t  when b u s y  I I "_""""" I 2 I C R C - Z B  B A  w r i t e   p r o t e c t   I O = n o   e r r o r  I 
I I  I l e r r o r   s t a t u s   I l = e r r o r  I I I """""- 

I l s t a t u s   I l = e r r o r  I 
' I I I """"- I 4 ( H C D  P O R  s t a t u s   l O = n o  P O R  I 

I I I I  I I l l m o n e   o r   m o r e  P O R s  I I I I I """- I 5 I B U S - Z B  P O R  s t a t u s   l O = n o  P O R  I 
I I I I I  I I I l = o n e   o r   m o r e  P O R s  I 
I I I I I - - - - -  I 6 lBUS-ZA P O R  s t a t u s   l O = n o  P O R  I 
I I I I I I  I I l l = o n e   o r   m o r e  P O R s  I 

I I I I I I I  I I I B A  i n v o l v e d  I 

I I I I I I I I I  I I CRC-2B B A  i n v o l v e d  I 
LLu"u 

0 I l l  
I 3 ~ H C D  t r a n s f e r   e r r o r   l O = n o   e r r o r  I 

I I I I I I - - - I  7 ICRC-2B B A  b u s   p a r i t y   ( O = n o   e r r o r  I 
I 1 I I I I I I ! e r r o r   s t a t u s   I l = o n e   o r   m o r e   e r r o r s ,   a n y  I 

I I I I I I I - 1  8 ICRC-2B B A  t r a n s a c t i o n   I O = n o   e r r o r  I 
I I I I I I I I I I p a r i t y   e r r o r   s t a t u s   l l = o n e   o r   m o r e   e r r o r s ,  I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  HLHlB DESPUN C R C  REGISTERS 0 - 3  ( L S B )   E - 0 6 5 3  A N D  
HLMlB DESPUN C R C  B A N K  B E - 0 6 5 5  
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B i t ( s L  M e a s u r e m e n t   C o n t e n t s  
"""""""""""""""""""""""-""""- """""."" I 1 I s D a r e  I I 

I 2 I b a c k u p  M U X  l O = r e s e t  I 

I 3 I b a c k u p  M U X  J O = r e s e t  I 

I """"""_ 
1 1  I l c o n t r o l  B I T - C  I l = s e t  I D  I 1 """""_ 
I l l  I l c o n t r o l  B I T - B  I l = s e t  ' I D  1 1 I """"_ I 4 l b a c k u p  M U X  I o = r e s e t  

I I I I  1 l c o n t r o l  B I T - A  I l - s e t  I D  I 1 1 1 """_ 1 5 IADC-2A L L M  s e l e c t  I O = L L M - Z A  
I I I I I  , I  I I ~ = L L M - Z B  I D  
I 1 I I 1 - - - - -  I 6 I l U S / S T S - Z B  l o w   r a t e  T L M  I O = L L M - Z A  I D  
I I I I I I  I I s e l e c t  I I = L L M - Z B  I 

I I I I I I I I ( s e l e c t  I ~ = L L M - Z B  10 
I I I I I I 1 - I  8 I C R C - Z B  I O=of  f I 

u 

I 

I 

I I I I I I " - 1  7 I l U S / S T S - Z A  Low r a t e  T L M  I O = L L M - Z A  I 

1 I I I I I I I I l c r i t i c a l   e n a b l e   m a s t e r   I l = o n  I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  HLWlB D E S P U N  C R C  R E G I S T E R S  4 - 6  ( M S B )  E - 0 6 5 4  
............................ 

"""""" I 1 - 4 l s p a r e  I I 
I """_ I 5 ICRC-2B b u s   a d a p t e r   w r i t e l O = o f f  I 
I I I I D r o t e c t  I l = o n  I D  
1 
I 

I ""_  I 6 I C R C - Z B  b u s   s e l e c t  ( O = B U S - Z A  I D  
I I  I I I l=BUS-ZB I 

I I I - - - I  7 I C R C - Z A  b u s   a d a p t e r   w r i t e l O = o f f  I 
I I l l  I I D r o t e c t  I 1  = o n  I D  
I I I I - 1  8 I C R C - Z A  b u s   s e l e c t  J O = B U S - Z A  I 

"I" I I I I I I I = B U S - Z B  I D  I 
u 

1 1 1 2 ! 3 1 4 1 5 l 6 ~ 7 1 8 1  HLMlE  DESPUN C R C  R E G I S T E R S  4 - 6  ( 2 S B )   E - 0 6 5 4  

""""""" I l - 2 l s D a r e  I 
............................ 

I 1 - - - - - - - - - - I 3 I D E S P U N  c r i t i c a l   e n a b l e   5 1 0 = r e s e t  I D  
I I  I I t s D a r e )  ! l = s e t  I 1 I """"_ I 4 IDESPUN c r i t i c a l   e n a b l e   4 l O r r e s e t  I 
I I 1  I I ( s o a r e )  I l = s e t  I I 1 I """_ I 5 IDESPUN c r i t i c a l   e n a b l e   3 1 0 l r e s e t  I 
I I l l  I I ( s o a r e )  I l = s e t  I 
1 1 I 1 - - - - -  I 6 I D E S P U N  c r i t i c a l   e n a b l e   Z / O = r e s e t  ( E N A B L E  R E S E T )  10 
I I I I I  I I ( p r o b e   u m b i l i c a l   c a b l e   l l = s e t  ( E N A B L E )  I 
I I I I I  I l c u t t e r   e n a b l e )  I I 

I I I I I I  I I ( P P S   s D a r c )   l l = s e t  ( E N A B L E )  I 

I I I I I I I I  I t p r o b e   r e l e a s e   e n a b l e )  l l = s e t  ( E N A B L E )  I 

I I I I I - - - I  7 I D E S P U N  c r i t i c a l   e n a b l e   1 1 0 = r e s e t  ( E N A B L E  R E S E T )  

I I I I I I - 1  8 IDESPUN c r i t i c a l   e n a b l e   O I O = r e s e t  ( E N A B L E  R E S E T )  I D  

I D  

w 
) 1 1 2 ! 3 i 4 1 5 i 6 i 7 1 8 1  H L M l B  D E S P U N  C R C  R E G I S T E R S  4 - 6  ( L S B )   E - 0 6 5 4  

D = D e p e n d a n t .   T h i s   s t a t e   o n l y   o c c u r s   w h e n  the  o p p o s i n g   s t r i n g ' s  C R C  b i t  i s  
s e t  s i m i l a r l y  
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For t h e   d e f i n i t i o n   o f   E - 0 6 5 5 ,  s e e  H L M l B  D E S P U N  C R C  R E G I S T E R S  0 - 3  ( L S B )  E - 0 6 5 3 .  
T h e i r   d e f i n i t i o n s   a r e   i d e n t i c a l .  

HLMlB D E S P U N  C R C  B A N K  B E - 0 6 5 5  

B i t ( s )  M e a s u r e m e n t   C o n t e n t s  
""""""""""~"~"~""""""-,-----""------- """"_""" I 1 ( H L M - 1 ~  M P L O  I O=of f I 

I I I I """"""- 
I I  I I I I """""- I 3 ~ H L M - ~ A  w r i t e   p r o t e c t   l o r o f f  I 
I l l  I 15000-5FFF/DOOO-DFFF  II=on I D  I I I """"- I 4 I H L M - I A  u r i t e   p r o t e c t   ( O = o f f  I 
I I I I  I ~4000-4FFF/COOO-CFFF 1 1  = o n  10 1 I I I """- I 5 ( H L M - 1 ~  w r i t e   p r o t e c t   J O = o f f  I 
I I I I I  I 13000-3FFF/BOOO-BFFF I 1  = o n  1 0  

I I I I I - - - - -  I 6 IHLM-lA u r i t e   p r o t e c t  I O = o f f  I 
I I I I I I  I 12000-2FFF/AOOO-AFFF 1 1  = o n  I D  

I l = o n  I D  
I 2 I H L M - ~ A  memory  swap I O=of f I 

I 1  =on  I D  

I I I I I I - - - I  7 I H L M - I A  u r i t e   p r o t e c t  I O = o f f  I 
I I I I I I I I 1 1 0 0 0 - 1 F F F / 9 0 0 0 - 9 F F F  I l = o n  I D  

I I I I I I I - 1  8 I H L M - 1 A  u r i t e   p r o t e c t  I D = o f f  I 
I I I I I I I I I ~ 0 0 0 0 - O F F F / 8 0 0 0 - 8 F F F  I l - o n  I D  e -  1 1 1 2 1 3 1 4 1 5 1 6 l 7 1 8 1  HLMlB  SPUN C R C  B A N K  A REGISTERS 0 - 3  ( M S B )  E - 0 6 5 6  

"""""""- "~"""""""""""""""-"""""""-"-"-- 
I 1 I L L M - I A  M P L O  I O=of f I 

I I I I """"""- 
I I  I I I I """""- I 3 ILLM-lA C C / D C  d i s a b l e   ( O = o f f  I 
I l l  I I I I I """"_ I 4 I L L M - 1 A  b u s   s e l e c t   I O = B U S - l A  I 
I I I I  I I I I I I """- I 5 ILLM-lA b u s   a d a p t e r   w r i t e ) O = o f f  I 
I I I I I  I I D r o t e c t  
I I I I I - - - - -  I 6 I L L M - 1 A  w r i t e   p r o t e c t   l O = o f f  I 
I I I I I I  I ~ 2 0 0 0 - 2 F F F / 6 0 0 0 - 6 F F F  

I I I I I I I - I  8 I s D a r e  I I 

I l = o n  I D  

I 1  = o n  l o  

1 1  = o n  I D  

I 2 I L L M - I A  memory  swap I O=of f I 

I l=BUS-  1 B  I D  

I 1  = o n  I D  

I 1  = o n  I D  
I I I I I I - - - I  7 ( L L M - I A  w r i t e   p r o t e c t   I O S o f f  I 
I I I I I I I I ( 1 0 0 0 - 1 F F F / 4 0 0 0 - 5 F F F  I l = o n  I D  

w 
) 1 1 2 1 3 1 4 1 5 ( 6 1 7 1 8 1  H L M l B  SPUN C R C  B A N K  A REGISTERS 0 - 3  ( Z S B )  E - 0 6 5 6  

~ ~ ~ e p e n d a n t .  T h i s  s t a t e   o n l y   o c c u r s   u h e n  t h e  o p p o s i n g   S t r i n g ' s  C R C  b i t  i s  
s e t  s i m i l a r l y  
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B i t C s )  M e a s u r e m e n t   C o n t e n t s  
.............................. """""""_ I 1 I B U M - 1 A  BA-26 w r i t e  I O=of f I 

I I I D r o t e c t  1 8 0 0 - 1 F F F / 5 8 0 0 - 5 F F F ~ l = o n  I D  I """"""_ 
I I  I I D r o t e c t   1 0 0 0 - 1 7 F F / 5 0 0 0 - 5 7 F F ~ l = o n  I D  I I """""_ 
I l l  I I D r o t c c t  0 8 0 0 - O F F F / 4 8 0 0 - 4 F F F I l = o n  I D  I I I """"_ I 4 lBUM-lA  BA-26 w r i t e  I O=of f 

I I I I  I ( D r o t e c t  0 0 0 0 - 0 7 F F / 4 0 0 0 - 4 7 F F ~ l r o n  I D  I I I I """- I 5 I B U M - I A  B A - 1 A  w r i t e  I O=of f 

I I I I I  I I o r o t e c t  1 8 0 0 - 1 F F F / 5 8 0 0 - 5 F F F ~ l = o n  I D  
I I I I I - - - - -  I 6 I B U M - 1 A  B A - 1 A  w r i t e  I O=of f I 
I I I I I I  I I D r o t e c t  1 0 0 0 - 1 7 F F / 5 0 0 0 - 5 7 F F I l = o n  I D  

I I I I I I I  I l p r o t e c t  0 8 0 0 - O F F F / 4 8 0 0 - 4 F F F ~ l r o n  I D  

I I I I I I 1 I I  I D r o t e c t  0 0 0 0 - 0 7 F F / 4 0 0 0 - 4 7 F F ~ l = o n  I D  u 

I 2 lBUM-lA  BA-2B w r i t e  I O=of f I 

I 3 I B U M - 1 A  BA-2B w r i t e  I O=of f I 

I 

I 

I I I I I I - - - I  7 IBUM-lA B A - 1 A  w r i t e  I O=of f I 

I I I I I I I - 1  8 I B U M - 1 A  B A - 1 A  w r i t e  ' ( 0 - o f  f I 

1 1 1 2 ! 3 1 4 1 5 1 6 1 7 1 8 1  HLMlB SPUN C R C  B A N K  A R E G I S T E R S  0 - 3   ( 3 S B )  E - 0 6 5 6  

............................ """""""_ I 1 IBUM-lA T L M  c o n t r o l  B A  lO=BA-lA I 
I I l s e t e c t  I l .BA-2B I D  1 """"""_ 
I 1  I I I l = E U S - l B  I D  I I """""_ 1 3 I E U M - l A  BA-2B b u s   s e l e c t  IO=BUS-lA I D  
I l l  I I I ~ = B u s - ~ B  I I I I """"_ I 4 IEUM-lA B A - 1 A  b u s   s e l e c t  IO=BUS-lA I 
I I I I  I I I l = E U S - l B  I D  I I I I """_ I 5 ~ B U M - I A  memory  swap I O=of f I 
I I I I I  I I I I r o n  I D  
I I I I I - - - - -  I 6 ( E U N - l A  w r i t e   p r o t e c t   ( O = o f f  i 
I I I I I I  I 13000-37FF/7000-7FFF I 1  = o n  I D  

I 2 I G o l a y - 1 A   b u s   s e l e c t  I O = B U S - l A  I 

I I I 1 I I - - - I  7 ~ B U M - I A  w r i t e   p r o . t e c t  l O = o f f  I 
I I I I I I I I 12800-2FFF/6800-6FFF I I r o n  I D  
I I I I I I I - 1  8 I B U M - 1 A  w r i t e   p r o t e c t  ) O = o f f  I 
I I I I I I I I I I2000-27FF/6000-67FF I 1  = o n  I D  - 

11121314151617181  HLMlB SPUN C R C  B A N K  A R E G I S T E R S  0 - 3  ( L S B )  E - 0 6 5 6  

D I D e p e n d a n t .   T h i s   s t a t e   o n l y   o c c u r s  when the  o p p o s i n g   s t r i n g ' s  C R C  b i t  i s  
s e t  s i m i l a r l y  
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p i t c s )   M e a s u r e m e n t   C o n t e n t s  
............................. 

""""""" ) 1 - 2 l s o a r e  I I 
I "" """_ I 3 ( 4 . 8  K H Z  r e f e r e n c e   s e l e c t ( O = R E F - l A  I 
I I  I I I l = R E C - l B  I D  1 1  - """_ 1 4 - 5 1 s p a r e  I I 
I I I - I " -  I 6 l d i g i t a l   e n g i n e e r i n g  I O = L L M - I A  I 
I I I I  I I s e r i a l - b i n a r y   s e l e c t  I ~ = L L M - ~ B  I D  
I I I I - - - I  7 l d i g i t a l   e n g i n e e r i n g  IO=TC-lA I 
I I I I I I i t i m i n a   c h a i n   s e l e c t  I I = T c - ~ B  I D  
I I I I I - 1  8 ICRC-lB c r i t i c a l   e n a b l e  l O = o f f  I 

I 1 = o n  I I I I I I I I l m a s t e r  
L l A J J L U  

1 1 1 2 1 3 1 5 1 5 1 6 1 7 1 6 1  HLMlB S P U N  C R C  B A N K  A R E G I S T E R S  4 - 6  ( H S B )  E - 0 6 5 7  
............................ """""""_ I 1 I H C D  P O R  t e s t  c o n t r o l  I O=of  f I 

I I I 
I """""_ 1 2 - 4 l s e a r e  I I 
I I  """- I 5 ( H C D - 1 B  o v e r r i d e - 3  I Oxon I 
I l l  I I I l = o f  f I I I I ""- I 6 IHCD-lB o v e r r i d e - 2  I O=of f I 
I I I I  I I I 1 = o n  I 

I I I l l  I I I 1 = o n  I 

I - I -  I I I I I  I I l = o n  I 
u 

I 1 = o n  I D  

I 1 '  I I - - - I  7 I H C D - l B  o v e r r i d e - 1  I O=of  f l 

I I I I I - 1  8 I H C D - 1 A  d i s a b l e  I O=of  f I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 6 1  HLMlB S P U N  C R C ' B A N K  A REGISTERS 4 - 6   ( 2 S B )   E - 0 6 5 7  
"""""""""""""~""""""""""""""- 

""""""" / 1 - 2 l s ~ a r c  I I 
I - - - - - - - - - - I 3 ( s p u n   c r i t i c a l   e n a b l e  5 l O = r e s e t  I 
I I  I I ( s p a r e )  I I """"_ I 4 I s p u n   c r i t i c a l   e n a b l e   4 ,   l O = r e s e t  ( E N A B L E  R E S E T )  I D  

I I I  I I ( R P N  2 n d   i s o l a t e   a n d   l l = s e t  ( E N A B L E )  I 
I I I  I I b Y D e s s   e n a b l e )  I I I I I """- 1 5 I s p u n   c r i t i c a . 1   e n a b l e  3 l O = r e s e t  ( E N A B L E )  I 
I I l l  I I(AACS  400N e n g i n e  l l = s e t  ( D I S A B L E )  I D  

I ? = s e t  I 

I I  
I I  
I I  
I I  
I 1  
I I  
I I  
I I  
I I  

I I i e n a b l e )  I I 
I ""_ I 6 I s p u n   c r i t i c a l   e n a b l e  2 l O = r e s e t  I 
I I  I (CAACS memory E w r i t e  I l l s e t  I 
I I  I I p r o t e c t )  I I 

I l l  I I p r o t e c t )  I I 

I I - - - I  7 / s p u n   c r i t i c a l   e n a b l e  1 l o r r e s e t  I 
I I I I ICAACS memory A w r i t e  l l r s e t  I *  

I I I - 1  8 ( s p u n   c r i t i c a l   e n a b l e  0 l O = r e s e t  I 
I I t s e t  I I I I I I  I t s D a r e )  

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  HLMlB  SPUN C R C  B A N K  A REGISTERS 4 - 6  ( L S B )  E - 0 6 5 7  
* U r i t e   p r o t e c t   d i s a b l e d  w h e n   o p p o s i n g   s t r i n g   i s  s e t  s i m i l a r l y ;  

D t D e p e n d a n t .   T h i s   s t a t e   o n l y   o c c u r s   w h e n  the o p p o s i n g   s t r i n g ' s  C R C  b i t  i s  
s e t  s i m i l a r l y  

m u r i t e   p r o t e c t   e n a b l e d  w h e n   o p p o s i n g   s t r i n g   i s  s e t  d i f f e r e n t l y .  
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For t h e  b i t   d e f i n i t i o n   o f   E - 0 6 5 8 ,  s e e  HLMlB S P U N  C R C  S T A T U S  U O R D  E - 0 6 6 8 .  
T h e i r   d e f i n i t i o n s   a r e   i d e n t i c a l .  

HLHlB SPUN C R C  B A N K  B E - 0 6 5 8  

B i t ( s )  Measurement  C o n t e n t s  

I 1 I H L M - ~ B  M P L O  I O=of f 
"""""""""""""""""""""""""-""- """""""- I 

I I I I l = o n  I D  I """"""_ I 2 I H L M - ~ B  memory  swap I O=of f I 
I I  I I I l = o n  I D  I I """""_ I 3 I H L M - ~ B  w r i t e   p r o t e c t   I o = o f f  I 
I l l  I ~5000-5FFF/DOOO-DFFF 1 1  = o n  I D  I I I """"_ I 4 I H L M - I B  w r i t e   p r o t e c t   I O = o f f  I 
I I I I  I 14000-4FFF/COOO-CFFF I 1  = o n  I D  I I I I """_ I 5 I H L M - ~ B  w r i t e   p r o t e c t   I o = o f f  I 
I I I I I  I 13000-3FFF/BOOO-BFFF I 1 = o n  I D  
I I I I I - - - - -  I 6 IHLM-lB w r i t e   p r o t e c t   l O = o f f  I 
I I I I I I  I / ~ O O ~ - ~ F F F / A O O O - A F F F  I l = o n  I D  

I I I I I I I  I ~ 1 0 0 0 - 1 F F F / 9 0 0 0 - 9 F F F  I 1  = o n  I D  

u 

I I I I I I - - - I  7 I H L M - I B  w r i t e   p r o t e c t  IO=of f  

I I I I I I I - 1  8 IHLM-lB w r i t e   p r o t e c t  I O=of  f 
I I I I I I I I I 1 0 0 0 0 - O F F F / 8 0 0 0 - 8 F F F  1 1  = o n  

I 

I 
I D  

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  HLMlB S P U N  C R C  B A N K  B R E G I S T E R S  0 - 3  ( M S B )  E - 0 6 5 9  

""""""""""""""""""""""-""-""" """""""_ I 1 I L L H - ~ B  M P L O  I O=of f 
I 

I 
I I I l = o n  10 I """"""_ I 2 I L L M - l e  memory  swap I O=of f I 

I I  I I I 1 = o n  I D  I I """""_ I 3 ILLM-lB C C / D C  d i s a b l e   I O = o f f  

I l l  
I 

I I I l = o n  I D  I I I ".""" I 4 ILLH-15  bus s e l e c t  I O = B U S -  1~ 

I I I I  I I I ~ = B u s - ~ B  
I D  
I I I I I -""" I 5 I L L H - l B   b u s   a d a p t e r   w r i t e j O = o f f  I 

I I I I I  I I D r o t e c t  I I r o n  I D  
I I I I I - - - - -  I 6 ILLM-lB w r i t e   p r o t e c t   I O = o f f  I 
I I I I I I  I 1 2 0 0 0 - 2 F F F / 6 0 0 0 - 6 F F F  I I r o n  I D  

I I I I I I I - I  8 l s D a r e  I I 
J L u J A L L  

I I I I I I - - - I  7 I L L M - ~ B  w r i t e   p r o t e c t   l O = o f f  I 
I D  I I I I I I I I ~ 0 0 0 0 - l F F F / 4 0 0 0 - 5 F F F  I t = o n  

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  HLHlB SPUN C R C  B A N K  B R E G I S T E R S  0 - 3   ( 2 S B )   E - 0 6 5 9  

D = D e p e n d a n t .  T h i s  s t a t e   o n l y   o c c u r s  when the  o p p o s i n g   s t r i n g ' s  C R C  b i t  i s  
s e t  s i m i l a r l y  
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B i t ( s )  M e a s u r e m e n t   C o n t e n t s  

I 1 lBUM-lB B A - Z A  w r i t e  I O=of f I 
I I I p r o t e c t  1 8 0 0 - 1 F F F / 5 8 0 0 - 5 F F F ~ l = o n  I D  I """"""_ I 2 ~ B U M - I B  B A - Z A  w r i t e  I O=of f I 
I I  I l p r o t e c t  1 0 0 0 - 1 7 F F / 5 0 0 0 - 5 7 F F ~ l = o n  I D  I I """""_ I 3 lBUM-lB B A - Z A  w r i t e  I O=of f I 
I l l  I l o r o t e c t  0 8 0 0 - O F F F / 4 8 0 0 - 4 F . F F I l = o n  I D  I I I """"_ I 4 IBUM-lB B A - Z A  w r i t e  I O=of f I 
I I I I  I ( p r o t e c t  0 0 0 0 - 0 7 F F / 4 0 0 0 - 4 7 F F ~ l = o n  I D  I I I I """_ I 5 IBUM-lB B A - 1 B  w r i t e  I O=of f I 
I I I I I  I l p r o t e c t  1 8 0 0 - 1 F F F / 5 8 0 0 - 5 F F F ~ l = o n  I D  
I I I I I - - - - -  I 6 IBUM-lB E A - 1 B  w r i t e  I O=of f I 
I I I I I I  I I D r o t e c t  1 0 0 0 - 1 7 F F / 5 0 0 0 - 5 7 F F ~ l = o n  I D  

I I I I I I I  I l p r o t e c t  0 8 0 0 - O F F F / 4 8 0 0 - 4 F F F ~ l = o n  I D  

I I I I I I I I I  I p r o t e c t  0 0 0 0 - 0 7 F F / 4 0 0 0 - 4 7 F F ~ l = o n  I D  u 

"""""""_ .............................. 

I I I I I I - - - I  7 IBUM-lB B A - 1 B  w r i t e  l O = o f  f I 

I I I I I I I - 1  8 IBUM-lB B A - 1 B  w r i t e  I O=of  f I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  HLMlB S P U N  C R C  B A N K  B REGISTERS 0 - 3  ( 3 S B )  E - 0 6 5 9  
............................ """""_"" I 1 IBUM-lB T L M  c o n t r o l  B A  lO=BA-lB I 

I l s e l e c t  I l r B A - Z A  I D  """"""_ I 2 / G o l a y - 1 8   b u s   s e l e c t  I O = B U S -  1 A  

I I I I l = B U S - l B  I I """""- I 3 lBUM-lB  BA-2A  bus s e l e c t  (O=BUS-lA I 
I I  I I I ~ = B u s - ~ B  I D  I I """"_ I 4 I B U M - l B  B A - 1 B  b u s   s e l e c t  IO=BUS-1A I D  

I l l  I I I l r B U S - 1 B  I I 1 I """_ I 5 l ~ u k 1 - 1 ~  memory S U S P  I O=of f I 

I D  

i i i ~  I I I l = o n  I D  
I I I I - - - - -  I 6 IBUH-lB w r i t e   p r o t e c t   I O = o f f  I 
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B i t ( s )  M e a s u r e m e n t   C o n t e n t s  

"""""""_ I 1 ) H I C / E U V  b u s   s e l e c t  
.............................. 

( O = B U S - ~ A  I D  

I I I I l = ~ u s -  1 8  1 I """"""_ 
I I  I I I ~ = B u s - ~ B  I I I """""- 
I l l  I I I ~ = B U S - I B  I I I I """"_ I 4 I P U S  b u s   s e l e c t  

I I I I  I I I I = B U S - ~ B  I I I I I """_ I 5 I M A G  b u s   s e l e c t  

I I I I I  
I D  

I I I I = B U S -  1~ I 
I I I I I - - - - -  I 6 I P L S  b u s   s e l e c t  I O = B U S - I A  I D  
I I I I I I  I I I I = B U S - I B  I 

I D  
I I I I I I I  I I I l = B U S - l B  I 

I 
I I I I I I I I I  I I ~ = B U S - I B  I D  
l A A J L L u  

I 2 IDDS b u s   s e l e c t  ~ O = B U S - I A  I D  

I 3 I E P D  b u s   s e l e c t  I O = B U S -  1 A  I D  

I O = B U S - ~ A  I D  

( O = B U S - I A  

I I I I I I - - - I  7 I A A C S - B  b u s   s e l e c t  I O = B U S -  1~ 

I I I I I I I - 1  8 I A A C S - A  b u s  s e l e c t  I O = ' B U S -  I A  

11121314151617181  H L M l B  S P U N  C R C  B A N K  B R E G I S T E R S  4 - 7  ( W S B )  E - 0 6 6 0  
""~""""""""""~"""~"""""""""""- """""""_ I 1 I D B U M - I B  memory   swap  I O = O F  F I 

I I I 1 1  = O N  I D  I """"""_ I 2 ~ D B U M - ~ A  memory  swap I O = O F F  

I I  I I I l = O N  I D  I I """""_ I 3 I s D a r e  I I 
I I I """"_ I 4 I H C D  P O R  t e s t  s e l e c t  I O I P C - l A  I 
I I I I  I I I l = P C - l B  I D  I I I I """_ I 5 ( t i m i n g   c h a i n   m a n u a l  I O=of  f I 
I I I I I  I l s e t e c t  c o n t r o l  1 1 = o n  I D  
I I I I I - - - - -  I 6 l t i m i n g   c h a i n   m a n u a l   I O = T C - l A  I 
I I I I I I  I l s e t e c t  I l s T C - l B  10  

I 
I I I I I I I I l c o n t r o l  I 1  s o n  I D  

I 
I I I I I I I I I I s e l e c t   I l x P C - 1 9  I O  u 

I 

I I I I I I - - - I  7 j P O R  f a u l t   o v e r r i d e  I Onof f 

I I I I I I I - 1  8 I P O R  f a u l t   o v e r r i d e   I O S P C - l A  

11121314151617181  H L M l B  SPUN C R C  B A N K  6 REGISTERS 4 - 7  ( 2 S B )  E - 0 6 6 0  
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BitCs) M e a s u r e m e n t  C o n t e n t s  

I 1 I s D a r e  I I 
............................ """""."" 

I - - - - - . - - - - 1 2 - 3 1 h i   r a t e  T L M  mod TMU-18  IOO=LLM-lA ( N o t e  1 )  I 
I 1  I ( s e l e c t  J O ~ = B U M - ~ A  I 
I I  I I  I ~ O = L L M - ~ B  I 
I I  I I ~ I = B U H - ~ B  I 1 1  """"_ I 4 l l o w  r a t e  T L M  mod TMU-18  ID=LLM-lA I D  
I l l  I I s e l e c t  I ~ = L L M - ~ B  I I I I """_ I 5 l s p a r e  I I 
I I I I "" 1 6 - 7 1 h i   r a t e  T L M  mod T M U - 1 A  IOO=LLM-lA ( N o t e  2 )  I 
I I I I  I I I s e l e c t  ( O l r B U M - 1 A  I 
I I I I  I I I  I ~ O = L L M - ~ B  I 
I I I I  I I I I ~ ~ = B u M - ~ B  I 

I I I I I I I I s e l e c t  I ~ = L L M - ~ B  I D  
l"u 

I I I I I - 1  8 Ilow r a t e  T L M  mod T M U - 1 A  IO=LLM-lA I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 6 )  HLMlB  SPUN C R C  B A N K  B R E G I S T E R S  4 - 7   ( 3 S B )   E - 0 6 6 0  

""""""". I 1 l s p a r e  D B U M  s e l e c t  
............................ 

( O = D B U M - ~ A  I D  

I I I I ~ = D B U M - ~ B  I I """"""_ I 2 IOBUM-le  bus s e l e c t  I O = B U S - ~ A  I D  
I , I  I I I l = B U S -  1 B  I 
I I """""_ I 3 (DMS ' D B U M  s e l e c t  I O = D B U W -  1~ I 

I I I ~ = D B U M - ~ B  I D  I I I """"_ I 4 I D B U M - 1 A  b u s  s e l e c t  ~ O = B U S - ~ A  I 
I I I I  I 1 I l = B U S -  1s I D  1 I I I """_ I 5 I C R C - 1 B  b u s   a d a p t e r   w r i t e l O = o f f  I 
1 1 1 1 I  I I p r o t e c t  I l = o n  I D  
I I I I I - - - - -  I 6 ( C R C - 1 8   b u s   s e l e c t  I O = B U S -  1 A  I D  
I I I I I I  I I I l = B U S - l B  I 

I I I I I I I  I I p r o t e c t   I 1 = o n  I D  

I I I I I I I I I  I I ~ = B u s - ~ B  I D  w 

0 I l l  

I I I I I I - - - I  7 I C R C - 1 A  b u s   a d a p t e r   w r i t e ( O = o f f  I 

I I I I I I I - 1  8 ( C R C - 1 A  b u s   s e l e c t   I O = B U S - l A  I 

1 1 1 2 1 3 i 4 i 5 1 6 1 7 i 8 1  HLMlB S P U N  C R C  B A N K  B REGISTERS 4 - 7   ( L S B )   E - 0 6 6 0  

N o t e  1 - The LLMls a r e   t h e   s o u r c e   o n l y   i f   b o t h   s t r i n g s '  C R C  b i t  3 a r e   r e s e t  
( l o g i c a l  0 ) .  
T h e  A s t r i n g  ( L L M  o r  BUM i s  t h e   s o u r c e   o n l y   i f   b o t h   s t r i n g s '  C R C  b i t  
2 a r e   r e s e t   ( l o g i c a l  0 ) .  

N o t e  2 - T h e  L L M I s  a r e  the  s o u r c e   o n l y   i f   b o t h   s t r i n g s '  C R C  b i t  7 a r e   r e s e t  
( l o g i c a l  0 ) .  
T h e  B s t r i n g  ( L L M  o r  B U M )  i s   t h e   s o u r c e   o n l y   i f   b o t h   s t r i n g s '  C R C  b i t  
6 a r e  s e t  ( l o g i c a l  1 ) .  
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B i t c s y   M e a s u r e m e n t   C o n t e n t s  

""""" l 1 - 6 1 H C D - l B   c o m m a n d   m e s s a g e  16 L S B s  o f  cmd m e s s a g e   s e n t  I 
............................. 

I I Inumber I t 0  HCD-18 I 
I - - - I  7 I H C D - ~ B  m e s s a g e   s t a r t  I D l e r r o r - f r e e   s t a r t   u o r d  I 
I I I  l u o r d   b i t   e r r o r   s t a t u s  i l r e r r o r   i n   s t a r t   u o r d  I 
I I - 1  8 I H C D - 1 B  u p l i n k   m e s s a g e  I D = a c c e p t e d  I 

""I "" I I I I d i s D o s i t i o n   l l o r e i e c t e d  I 

"""" 

............................ 

I 1 - 8 l H C D - l B  m e s s a g e s   r e c e i v e d l i n c r e m e n t s   b y   o n e   f o r   e a c h  I 
I I l a n d   a c c e p t e d   c o u n t e r   l i n e s s a g e   a c c e p t e d   b y  H C D - 1 B  I 

"""I """ I I I C M O D  2 5 6 )  I - 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  HLMlB MSG R C V D  A N D  A C C E P T E D   C O U N T E R  E - 0 6 6 2  

............................. 

I 
"""" 1 1 - 8 1 H C D - l B   m e s s a g e s   r e c e i v e d l i n c r e m e n t s   b y   o n e   f o r   e a c h  I 

"""I """ I l c o u n t e r  I ( M 0 D  2 5 6 )  I - I l a n d   r e j e c t e d   l m e s s a g e   r e j e c t e d   b y  HCD-1B I 

I l I 2 I 3 I 4 1 5 I 6 I 7 I 8 1  HLMlB MSG R C V D  A N D  R J C T D   C O U N T E R  E - 0 6 6 3  
............................ 

I - """" 1 1 - 8 ( H C D - l B   c o m m a n d   f r a m e  l i n c r e m e n t s   b y   o n e   f o r   e a c h  I 

"""I """ I I i e r r o r s   b y  H C D - 1 B  ( H O D  2 5 6 )  I 
I ! e r r o r s   d e t e c t e d   c o u n t e r   / c o m m a n d   f r a m e   d e t e c t e d   u i t h l  

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  HLMlB C U D  F R A M E  E R R O R S  D E T E C T E D  C O U N T E R  E - 0 6 6 4  

"""" 

............................ 

I 
I 1 - 8 l H C D - l B   d a t a   f r a m e  e r r o r s l i n c r e m e n t s  b y   o n e   f o r   e a c h  I 
I l c o r r e c t e d   c o u n t e r  l d a t a   f r a m e  c o r r e c t e d   b y  I 

"""I """ I I I H C D - I B  ( M O D  2 5 6 )  I 

1 1 1 2 1 3 1 4 1 5 ! 6 1 7 1 8 1  HLMlB D A T A  F R A M E  E R R O R S  C O R R E C T E D  C O U N T E R  E - 0 6 6 5  

"""" 

............................ 

I l - 8 l H C D - l B   d a t a   f r a m e   e r r o r s l i n c r e m e n t s   b y   o n e   f o r   e a c h  I 
I I l u n c o r r e c t a b l e   c o u n t e r   l e r r o n e o u s   d a t a   f r a m e  I 
I I I  l u n c o r r e c t a b l e   b y  H C D - 1 B  I 

- I  """ I """ I I I C M O D  2 5 6 )  - 
) 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  H L M l B  D A T A  F R A M E  ERRORS U N C O R R E C T A B L E  C O U N T E R  E - 0 6 6 6  

"""" I 1 - 8 l H C D - l B  l o c k   c h a n g e s  
............................ 

l i n c r e m e n t s   b y   o n e   f o r   e a c h  I 
I I l c o u n t e r  l l o c k   c h a n g e  p r o v i d e d  t o  I 

"""I """ I I IHCD-lB ( M O D  2 5 6 )  I - 
1 1 1 2 1 3 1 4 1 5 i 6 1 7 1 8 1  HLMlB L O C K  C H A N G E S  C O U N T E R  E - 0 6 6 7  
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B i t t s )   M e a s u r e m e n t   C o n t e n t s  
"""~"""""""~"""""""""--""---------- """""""_ I 1 [ C R C - 1 6  SA w r i t e   b u s y  [ O = n o  e r r o r  I 

I I l e r r o r   s t a t u s   I l = u r i t e   a t t e m p t   w h e n   b u s y  I I """"""_ I 2 [ C R C - 1 B  B A  w r i t e   p r o t e c t   I n 0   e r r o r  I 
I 1  I l e r r o r   s t a t u s  I I """""_ I 3 ( C R C - 1 B  c o m m e n d   b l o c k  (O=no  a t t e m p t  I 
I l l  I l u r i t e   a t t e m ~ t  I I I """"- I 4 I C R C - 1 B  p o u e r   c o n v e r t e r /  IO=no  P O R  I 
1 1 1 1  I I H C D  P O R  S t a t u s  I I I I """- I 5 I s D a r e  I I 
I I I I I - - - - -  I 6 / m u l t i p l e   f r a m e  C M D  u i t h   ( O = n o   e r r o r  I 
I I I I I I  I l z e r o   d a t a   f r a m e s  

I l = e r r o r  I 

I l = o n e   o r   m o r e   a t t e r n D t s '  I 

I l = o n e   o r   m o r e  P O R s  I 

(Irene o r   m o r e   e r r o r s  I 
I I I I I I - - - I  7 I C R C - ' B  6A B U S  p a r i t y   l o r n o   e r r o r  I 
I I I I I I I I l e r r o r   s t a t u s   J l r o n e   o r   m o r e   e r r o r s ,   a n y  I 

I B A  i n v o l v e d  I 
I I I I I I I - 1  8 I C R C - 1 B  B A  t r a n s a c t i o n   ( O = n o   e r r o r  I 
I I I I I I I I I l p a r i t y   e r r o r   s t a t u s   ( I - o n e   o r   m o r e   e r r o r s ,  I 

I I I I I I I  I I 

I I I I I I I I I  I I C R C - 1 8  B A  i n v o l v e d  I u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  H L M l B  SPUN C R C  S T A T U S  U O R D  E - 0 6 6 8  A N D  

H L M l B  SPUN C R C  SANK A E - 0 6 5 8  
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B i t ( s )   M e a s u r e m e n t  . C o n t e n t s  

I 1 ~ B U S - ~ B  o v e r r u n   s t a t u s  l o r n o   o v e r r u n  """"-""" """"~""""""""""""""""""""""-" 
I 

I I 1  I l r o v e r r u n   e r r o r ,   b u s  t r a n s - I  
I I l a c t i o n   i n   D r o c e s s   a t  R T I  I I I 2 I H L M - ~ B  s e l f - t e s t   f a i l u r e l o = p a s s  I 
I I  I l s t a t u s  I I r f a i  t ' I  I I """""- I 3 IHLM-lB k e e p - a l i v e  P O R  IO=no  K A P O R  I 
I l l  I I s t a t u s  
I l l  I I lmemorv  t o s s  I I I 1 """"_ I 4 I H L M - 1 B  P O R  s t a t u s   l O = n o  P O R  I 
I l l 1  I I  l l o o n e   o r   m o r e  P O R s ,  a n y  I 
I I I I  I I D o w e r   f a i l u r e  I I I I I """_ I 5 I H L M - ~ B  m i c r o p r o c e s s o r   l O = i n   s y n c  I 
I I I I I  I I s y n c - i d l e   e r r o r   s t a t u s   I l l o u t   o f   s y n c   ( 1 8 0 2   v s  S 1 S ) l  
I I I I I  I I I / i d l e   1 o c k u D  I 
I I I I I - - - - -  I 6 I H L M - 1 B  B A  b u s   p a r i t y   l O = n o   e r r o r  I 
I I I I I I  
I I I I I I  I 
I I I I I I - - - I  7 IHLM-lB B A  b u s   p a r i t y   I O = n o   e r r o r  I 
I I I I I I I I l e r r o r   s t a t u s  I l l o n e   o r   m o r e   e r r o r s ,   a n y  I 
I I I I I I I  I I l B A  i n v o l v e d ( B C   o r  S P U N  M U X ) I  

I I I I I I I - 1  8 IHLM-16 B A  t r a n s a c t i o n  l O = n o   e r r o r  I 
I I I I I I I I I l p a r i t y   e r r o r   s t a t u s   l l = o n e   o r   m o r e   e r r o r s ,  I 
I I I I I I I I I  I IHLM-lB B A  i n v o l v e d  I w 

l l = o n e  o r  m o r e  K A P O R s  w i t h  I 

I l e r r o r   s t a t u s  - d e s p u n   l l = o n e   o r   m o r e   e r r o r s ,  a n y  I 
I lmux I B A  i n v o l v e d  (DESPUN H U X )  

1 1 1 2 1 3 ! 4 1 5 ! 6 1 7 1 8 1  HLMlB E R R O R  W O R D S  I O S L  0 - 1 - 2  . ( U S E )  E - 0 6 6 9  
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""-""""" I 1 ~ H C D  p a r i t y   e r r o r   s t a t u s  1 0 = n o  e r r o r  
............................. 

I 
I I I  ( l = o n e   o r   m o r e   p a r i t y   e r r o r s (  
I I 1 ( f r o m  H C D  t o  H L M - 1 B  I I "-""""" 
I I  
I I  
I 1  I I I D r o c c s s o r  I I I """""_ I 3 I H L H - l B  B A  m e m o r y   r e a d   l O = n o   e r r o r  I 
I l l  I ! p a r i t y   e r r o r   s t a t u s  
I l l  I I l u h e n   m e m o r y   r e a d  b v  B A  I 
I I I """"_ I 4 I H L H - 1 B  b u s   c o n t r o l l e r   I O = n o   e r r o r  I 
I I I I  I l m e m o r y   r e a d   p a r i t y   e r r o r l l r o n e  o r  m o r e   p a r i t y   e r r o r s l  
I I I I  I i s t a t u s   l u h e n   m e m o r y   r e a d  b y  B C  I 
I I I I """- I 5 I H L H - 1 B  m i c r o p r o c e s s o r   l O = n o  H P L O  I 
I I I I I  I l l o c k o u t   s t a t u s  I ~ = H P L O  I 
I I I I I - - - - -  I 6 IHLH-lB B A  u r i t e   p r o t e c t   ( O = n o   e r r o r  I 
I I I I I I  I l e r r o r   s t a t u s   I l = u r i t e   a t t e m p t  b y  B A  i n t o  I 
I I I I I I  I I ( p r o t e c t e d   m e m o r y  I 

I I I I I I I I * I s t a t u s   l p r o c e s s o r   i n t o   p r o t e c t e d  I 
I 1 1 1 1 1 1  I I I memory I 

I I I I I I I I I l e r r o r   s t a t u s   I l = u r i t e   a t t e m p t  b y  H C D  i n t o 1  
I I I I I I I I I  I ( p r o t e c t e d   m e m o r y  I u 

I 2 ( H L H - 1 8   m i c r o p r o c e s s o r   J o = n o   e r r o r  I 
I ( m e m o r y   r e a d   p a r i t y   e r r o r l l = o n c   o r   m o r e   p a r i t y  e r r o r s l  
I I s t a t u s   l u h e n   m e m o r y   r e a d  b y  I 

l l = o n e   o r   m o r e   p a r i t y   e r r o r s l  

I 1 I I I I - - - I  7 I H L H - I B  m i c r o p r o c e s s o r  l o o n o   e r r o r  I 
I I I I I I I I J u r i t e   p r o t e c t   e r r o r  I l = u r i t e   a t t e m p t  b y  I 

I I I I I I I - 1  8 ~ H C D  u r i t e   p r o t e c t   ( ( ) = n o   e r r o r  I 

) 1 1 2 1 3 1 4 i 5 1 6 1 7 1 8 1  HLHlB E R R O R  UORDS IOSL 0 - 1 - 2   ( 2 S B )   E - 0 6 6 9  

""""""" I l - 2 l a r o u n d e d   s ~ a r e  
"""""""""""""""""""~""""""""- 

I O  I 
I - - - - - - - - - - - I 3 I P L L - 1 B  t i m i n g   c h a i n   l O = t i m i n g   c h a i n  A I 
I I  I I s e l e c t   s t a t u s  I I "_""" I 4 I P L L - 1 A  t i m i n g   c h a i n   I O = t i m i n g   c h a i n  A I 
I I I  I I s e l e c t   s t a t u s  I I I """ 1 5 - 6 l a r o u n d e d   s ~ a r e  I O  I 

l l r t i m i n a   c h a i n  B I 

i l t t i m i n g   c h a i n  B I 

I I I I - - - I  7 ( p h a s e   l o c k e d   l o o p  1 B  IOsnO P O R  I 
I I I I I I I P O R  s t a t u s   l l = o n e   o r   m o r e  P O R s  I 
I I I I I - 1  8 l p h a s e   l o c k e d   1 o o p . l A   ( O = n O  P O R  I 
I 1 I I I I I I P O R  s t a t u s   l l = o n e  o r  m o r e  P O R s  I 
w 
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I l - 3 l s ~ a r e  I I 
l O = n o  P O R  I 

""""""_ """""""""""""""~""""""""""""- 

I """"_ I 4 IBUM-lA P O R  s t a t u s  

I I  I I l l = o n e   o r   m o r e  P O R s  I 1 1  """_ I 5 IBUM-lA B A - Z B  b u s   p a r i t y   l O = n o   e r r o r  I 
I I I  
I I I  I I l i n v o l v i n s   a n y  B A  o n  i t s  b u s 1  I I I ""_ I 6 IBUM-lA B A - 2 B  t r a n s a c t i o n l O = n o   e r r o r  I 
I I l l  I l p a r i t y   e r r o r   s t a t u s  
I ' I l l  I I l i n v o l v i n s  B U M - 1 A 8 s  BA-2B I 

I 

I I I I I  I I l i n v o l v i n s   a n y  B A  o n  i t s  b u s 1  

I l e r r o r   s t a t u s   I l = o n e   o r   m o r e   . p a r i t y   e r r o r s  I 

l l = o n e   o r   m o r e   p a r i t y   e r r o r s l  

I I I I - - - I  7 IBUM-lA B A - 1 A . b u s   p a r i t y   l O = n o   e r r o r  
I I I I I I l e r r o r   s t a t u s  l t = o n e   o r   m o r e   p a r i t y   e r r o r s l  

I I I I I - 1  8 IBUM-lA B A - 1 A  t r a n s a c t i o n l O = n o   e r r o r  I 
I I I I I I I l p e r i t y   e r r o r   s t a t u s   l l = o n e   o r   m o r e   p a r i t y   e r r o r s l  

l i n v o l v i n s   B U M - I A ' s  B A - 1 A  I - I -  I I I I I I I u 
1 1 I 2 1 3 I 4 I 5 I 6 1 7 I 6 1  HLMlB B U M  E R R O R  UORDS ( M S B )  E - 0 6 7 1  

-"""""-"""""""""""""""""-""""- """""""_ I 1 I B U M - I A  t e l e m e t r y   I O = n o   e r r o r  I 
I 
I 

I I f o r m a t t e r  m e m o r y   r e a d   l l = o n e   o r   m o r e   p a r i t y   e r r o r s l  
I l p a r i t y   e r r o r   s t a t u s   ( w h e n  memory  read  by  

I 
I 

I I I f o r m a t t e r  I I """"""_ I 2 I B U M - I A  t e l e m e t r y   l O = n o   e r r o r  I 
I 1  
I I  

I l s e q u e n c e r  m e m o r y   r e a d   l l = o n e   o r   m o r e   p a r i t y   e r r o r s l  
I / p a r i t y   e r r o r   s t a t u s   l w h e n  memory  read  by I 

I I  I I l s e a u e n c e r  I I I """""_ I 3 I B U M - I A  B A - 2 B  IO=no e r r o r  I 
I l l  
I l l  

I lmemory r e a d   p a r i t y   e r r o r l l = o n e   o r   m o r e   p a r i t y   e r r o r s l  
I l s t a t u s  lwhen  memory  read b y  B A - 2 B  I 

I I I """"_ I 4 l B U M - 1 A  B A - 1 A  l O = n o   e r r o r  I 
I I I I  I l m e m o r y   r e a d   p a r i t y   e r r o r l l l o n e   o r   m o r e   p a r i t y   e r r o r s l  
I l l 1  1 '  I s t a t u s   l u h e n  memory  read b y  B A - 1 A  I I I I I """ 1 5 - 6 1 s ~ a r e  I I 
I I I I I - - - I  7 I B U M - I A  B A - I A  l O = n o   e r r o r  I 
I I I I I I I l u r i t e   p r o t e c t   e r r o r   l l r w r i t e   a t t e m p t   b y  BA-2B I 
I I I I I I I I s t a t u s   l i n t 0   D r o t e c t e d  memory I 
I I I I I I - 1  8 IBUM-lA B A - 1 A  l o r n o   e r r o r  I 
I I I I I I I I l w r i t e   p r o t e c t   e r r o r   I l l w r i t e   a t t e m p t   b y  B A - 1 A  I 
I I I I I I I I I s t a t u s   l i n t 0   D r o t e c t e d  memory I u 

1 1 1 2 1 3 ! 4 ! 5 1 6 1 7 ! 8 1  HLMlB B U M  E R R O R  UORDS ( 2 S B )  E - 0 6 7 1  
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""""""_ ............................ 

( t - 3 l s p a r e  I I 
1 ' 4   BUM-IB P O R  s t a t u s   I O = n o  P O R  I I 

I I  I I I l = o n e   o r .   m o r e  P O R s  I 1 1  """- I 5 I B U M - l B   B A - 2 A   b u s   p a r i t y   l O = n o   e r r o r  I 
I I I  I l e r r o r   s t a t u s  
I I I  I I I i n v o l v i n g   a n y  B A  o n  i t s  b u s 1  I I I ""- I 6 IBUM-lB  BA-2A t r a n s a c t i o n ) O = n o   e r r o r  I 
I I l l  I l p a r i t y   e r r o r   s t a t u s   I l = o n e   o r   m o r e   . p a r i t y   e r r o r s l  
I I l l  I I l i n v o l v i n g   B U M - l B ' s  E A - Z A  I 
I I I I - - - I  7 I B U n - l B  B A - 1 B  b u s   p a r i t y   I O = n o   e r r o r  I 
I I I I I I ( e r r o r   s t a t u s  
I I I I I  I 

( ! = o n e   o r   m o r e   p a r i t y   e r r o r s )  
I l i n v o l v i n g   a n y  B A  o n   i t s  b u s 1  

I I I I I - 1  8 IBUM-lB B A - 1 B  t r a n s a c t i o n l O = n o   e r r o r  I 
I I I I I I I ! p a r i t y   e r r o r   s t a t u s   I l - o n e   o r   m o r e   p a r i t y   e r r o r s l  

""""_ 
l l = o n e   o r   m o r e   p a r i t y   e r r o r s )  

- 1 -  I I I I I I I ( i n v o l v i n g   B U M - 1 8 ' s  B A - 1 8  I w 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 (  HLMlB BUM E R R O R  U O R D S  O S B )  E - 0 6 7 1  

"""""""_ I 1 ~ B U M - I B  t e l e m e t r y  ) O = n o   e r r o r  I 

I I I I f o r m a t t e r  I 
I """"""_ I 2 ( B U M - ~ B  t e l e m e t r y  I O = n o   e r r o r  I 
I I  I l s e q u e n c e r   m e m o r y   r e a d  l l = o n e   o r   m o r e   p a r i t y  e r r o r s l  

I 1  I l p a r i t y   e r r o r   s t a t u s  l w h e n   m e m o r y   r e a d   b y  I 
I I  I I l s e a u e n c e r  I 
I I """""- I 3 ( B U M - l B  B A - 2 A   ( O r n o   e r r o r  I 
I l l  I ( m e m o r y   r e a d   p a r i t y   e r r o r f l = o n e  o r  m o r e   p a r i t y   e r r o r s )  
I l l  I l s t a t u s  lwhe'n   memory  read  bv  E A - Z A  I I I I """"- I 4 I B U M - 1 B  B A - 1 B  l O = n o   e r r o r  I 
I I I I  I l m e m o r y   r e a d   p a r i t y   e r r o r l l = o n c   o r   m o r e   p a r i t y   e r r o r s l  
I I I I  I l s t a t u s   l w h e n   m e m o r y   r e a d   b y  B A - 1 8  I I 1 I I """ I 5 - 6 1 s p a r e  I I 

I I I I I I I I s t a t u s  l i n t o  p r o t e c t e d   m e m o r y  

I I I I I I I I ! s t a t u s   l i n t 0   p r o t e c t e d  memory w 

""""""""""""""""""""""--""""" 
I 
I 

I ( f o r m a t t e r   m e m o r y   r e a d  ) l = o n e   o r   m o r e   p a r i t y  e r r o r s l  
I l p a r i t y   e r r o r   s t a t u s  l u h e n   m e m o r y   r e a d   b y  I 

I I I I I - - - I  7 ( B U M - 1 B  B A - 2 A   l O = n o   e r r o r  I 
I I I I I I I J w r i t e   p r o t e c t   e r r o r   ( I t w r i t e   a t t e m p t   b y  EA-2A I 

I 
I I I I I I - 1  8 I B U M - 1 B  B A - 1 B  l O = n o   e r r o r  I 
I I I I I I I I ( w r i t e   p r o t e c t   e r r o r   ( l o w r i t e   a t t e m p t   b y   B A - 1 5  I 

I 
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B i t t s )   M e a s u r e m e n t  C o n t e n t s  

I 1 IDMS f l l c g a l  command J O = n o   i l l e g a l  command I 
............................ """""""_ 

I I I s t a t u s   ( l = i t t e g a t  cmb ( n o t   p e r  D M S  I 
I I I I C M D  d i c t i o n a r y )  I I """"""_ I 2 ( D B U M - ~ A  s e q u e n c e r   o u t p u t l O = n o   e r r o r  I 
I I  
I I  I J s t a t u s   l u h e n   m e m o r y   r e a d   b y  D B U M  I 
I I  I I l s e a u e n c e r  I I I """""- I 3 I D B U M - ~ A  f o r m a t t e r   m e m o r y l O = n o   e r r o r  I 
I l l  
I l l  I I  [ w h e n   m e m o r y   r e a d   b y  I 
I l l  I I I f o r m a t t e r  I I I I """"_ I I I D B U M - 1 A  b u s   a d a p t e r   ( O = n o   e r r o r  I 
I I I I  I l m e m o r y   r e a d   p a r i t y   e r r o r l l = o n e   o r   m o r e   p a r i t y   e r r o r s l  
I I I I  I I s t a t u s   l w h e n   m e m o r y   r e a d   b v  B A  I I I I I """- I 5 IDMS t a p e   d i r e c t i o n   l O = f o r w a r d  I 
I I I I I  I I s t a t u s   l l s r e v e r s e  I 
I I I I I - - - - -  I 6 ( D B U M - 1 A  P O R  s t a t u s   ( O = n o  POR I 
I I I I I I  I I j l = o n e   o r   m o r e  P O R s  I 

I . l m e m o r y   r e a d   p a r i t y   e r r o r l l r o n e   o r   m o r e   p a r i t y   e r ' r o r s l  

I ( r e e d   p a r i t y   e r r o r   s t a t u s ) l = o n e   o r   m o r e   p a r i t y   e r r o r s l  

I I I I I I " - 1  7 I D B U M - 1 A  b u s   a d a p t e r   b u s   l O = n o   e r r o r  I 
I I I I I I I I l p a r i t y   e r r o r   s t a t u s   l l = o n e   o r   m o r e   p a r i t y   e r r o r s !  

I I I I I I I - 1  8 IDSUM-lA SA t r a n s a c t i o n   l O = n o   e r r o r  1 
I I I I I I I I I l p a r i t y   e r r o r   s t a t u s   I l = o n e   o r   m o r e   p a r i t y   e r r o r s 1  

I I I I I I I  I I t i n v o l v i n e   a n y  B A  I 

I I I l I 1 I l I  I l i n v o l v i n g  D B U W - 1 A  B A  I 
11111111 

( 1 1 2 ! 3 1 4 1 5 1 6 1 7 1 8 )  WLMlB D B U M  E R R O R  WORDS ( M S B )  E - 0 6 7 2  N o t e  1 

N o t e  1 - T h i s   d a t a   n o t   v a l i d   u n l e s s  D B U M - 1 A  s w i t c h e d   t o  B s t r i n g .  
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I 1 I D U S  i l l e g a l  command I O = n o   i l l e g a l  command I """""""_ ............................. 

I I I s t a t u s   I l = i l l e g a l '  cmd ( n o t  p e r  DMS I 
I I I I C M D  d i c t i o n a r y )  1 I """"""_ I 2 I D B U M - 1 B  s e q u e n c e r   o u t p u t l O = n o   e r r o r  I 
1 1  
I I  

I l m e m o r y   r e a d   p a r i t y   e r r o r l l = o n e   o r   m o r e   p a r i t y   e r r o r s l  
I ( s t a t u s   l w h e n   m e m o r y   r e a d   b y  D B U M  I 

I I  I I l s e a u e n c e r  I I I """""_ I 3 I D B U M - l B  f o r m a t t e r   m e m o r y ( O = n o   e r r o r  I 
I l l  
I l l  I I  ! w h e n   m e m o r y   r e a d   b y  I 
I l l  I l f o r m a t t e r  I 
I I I """"- I 4 I D B U M - l B  b u s   a d a p t e r   I O = n o   e r r o r  I 
I I I I  I l m e m o r y   r e a d   p a r i t y   e r r o r l l r o n e   o r   m o r e   p a r i t y   e r r o r s !  
I I I I  I l s t a t u s   ( w h e n   m e m o r y   r e a d   b y  B A  I 
I I I I """_ I 5 (DMS t a p e   d i r e c t i o n   l O = f o r w a r d  I 
I I I I I  I l s t a t u s   l l r r e v e r s e  I 
I I I I I - - - - -  I 6 ( D B U M - l B  P O R  s t a t u s   l O = n o  POR I 
I I I I I I  I I l l = o n e   o r   m o r e  P O R s  I 
I I I I I I - - - I  7 I D B U M - 1 B  b u s   a d a p t e r   b u s   l O = n o   e r r o r  I 
I I I I I I I I l p a r i t y   e r r o r   s t a t u s   I l = o n e   o r   m o r e   p a r i t y   e r r o r s !  
I I I I I I I  I I l i n v o l v i n g   a n y  B A  I 
I I I I I I I - 1  8 IDBUM-lB B A  t r a n s a c t i o n   l O = n o   e r r o r  I 
I I I I I I I I I l p a r i t y   e r r o r   s t a t u s   I l = o n e   o r   m o r e   p a r i t y   e r r o r s !  
I I I I I I I I I  I j i n v o l v i n a  DBUM-18 B A  I 
Lu"U 

I I r e a d   p a r i t y   e r r o r   s t a t u s l l = o n e   o r   m o r e   p a r i t y   e r r o r s l  

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 6 1  H L M l B  D B U M  E R R O R  WORDS ( L S B )  E - 0 6 7 2  N o t e  1 

""""""". ............................ 

I 1 I L L M - I B  m i c r o p r o c e s s o r  IO=no M P L O  I 
I I l l o c k o u t   s t a t u s  I l=MPLO I 
I """"""_ I Z I L L M - I B  s e l f - t e s t   f a i t u r e l O = p a s s  I 
I I  I l s t a t u s  I l = f a i  l I I I """""_ I 3 I C C / D C  i n - p r o c e s s   s t a t u s   ( O = n o  cmd b e g i n n i n g   e x e c u t e  I 
1 1 1  I I I l - c m d   b e s i n n i n s   e x e c u t e  I I I I """"_ I 4 ILLM-lB P O R  s t a t u s   I O = n o  P O R  I 
I I I I  I I  l l = o n e   o r   m o r e  PORs, a n y  I 
I I I I  I I I I I """- I 5 I L L M - I B  m i c r o p r o c e s s o r   I O = i n   s y n c  I 

- I I I I I  I l s y n c - i d l e   e r r o r   s t a t u s   l l = o u t  of s y n c  ( 1 8 0 2  v s  B l S ) l  

I I I I I  I I 
I I I I I - - - - -  I 6 I C C / D C  h a r d w a r e   b u f f e r   l O = e m p t y  I 
I I I I I I  I l f u t l   s t a t u s   l l = f u l l  I 

I I I I I I I  I I 

I D o u e r   f a i l u r e  I 

I / i d l e   t o c k u D  I 

I I I I I I - - - I  7 ( L L M - 1 B  B A  b u s   p a r i t y  l o r n o  e r r o r  I 
I I I I I I I I l e r r o r   s t a t u s   l l = o n e   o r   m o r e  e r r o r s ,   a n y  I 

I B A  i n v o l v e d  I 
I I I I 1 I I - 1  8 I L L M - I B  B A  t r a n s a c t i o n   / O = n o   e r r o r  I 
I I I I I I I I I l p a r i t y   e r r o r   s t a t u s   ( I = o n e   o r   m o r e   e r r o r s ,  I 
I I I I I I I I I 1 I L L M - l B  B A  i n v o l v e d  I 
LLu"u 

1 1 1 2 ( 3 ( 4 ( 5 1 6 1 7 1 8 (  LLMlB E R R O R  U O R D - 1  I O S L - 0  E - 0 9 1 3  
~ o t e  1 -  his d a t a  n o t   v a l i d   u n l e s s  D B U M - I B  s w i t c h e d   t o  B S t r i n g .  
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T a b l e   A 2 . 2 . 9   D i g i t a l   a n d   S o f t w a r e   B i t   D e f i n i t i o n s  ( B i t  1 i s  M S B )  

B i t ( s )  M e a s u r e m e n t   C o n t e n t s  

""""""_" ............................ 

I 1 jLLM-lB T L M  p o r t  memory   lO=no   error  I 
I I I r e a d   p a r i t y   e r r o r  s t a t u s l l = o n e   o r   m o r e   p a r i t y   e r r o r s l  
I I I  ]when  memory  read  by  T L M  I 
I I I p o r t  I I -"""""" I 2 I L L M - ~ B  m i c r o p r o c e s s o r   ( O = n o   e r r o r  ' I  
I I  I Imemory r e a d   p a r i t y   e r r o r l l r o n e   o r   m o r e   p a r i t y   e r r o r s )  
I I  I I s t a t u s   / w h e n  memory  read  by I 
I I  I I I D r o c e s s o r  I I I """""- I 3 I L L M - 1 B  B A  m e m o r y   r e a d   ( O = n o   e r r o r  I 
I l l  
I l l  

I I p a r i t y   e r r o r   s t a t u s  l l = o n e   o r   m o r e   p a r i t y   e r r o r s l  
I I iwhen  memory  read b y  B A  I 

I I I """"_ I 4 l e n g i n e e r i n g   c o n t r o l  p o r t l O = n o   e r r o r  I 
I l l 1  
I I I I  1 l s t a t u s   l w h e n  memory   read   by   engr .  I 
I I I I  I I l c o n t r o t   D o r t  I I I I I """- I 5 I C C / D C  e r r o r   s t a t u s  

I I I I I  I I  l l t a t t e m p t   t o   l o a d  C C / D C  H / W I  
I I I I I  I I i b u f f e r   u h e n   a l r e a d y  f u l l  I 
I I I I I - - - - -  I 6 ILLM-lB B A  w r i t e   p r o t e c t   I O = n o   e r r o r  I 
I I I I I I  I l e r r o r   s t a t u s   l l n u r i t e   a t t e m p t  b y  B A  i n t o  I 
I I I I I I  I I  
I I I I I I  I I l s e t e c t s  I 

I I I I I I I I I s t a t u s   l p r o c e s s o r   i n t o   p r o t e c t e d  I 
I I I I I I I  I I lmemory I 

I I I I I I I I I I s t a t u s   ( d r t a   p o r t   i n t o   p r o t e c t e d  I 
I I I I I I I I I  I lmemory I u 

I ) m e m o r y   r e a d   p a r i t y   e r r o r l l = o n e   o r   m o r e   p a r i t y   e r r o r s l  

I O = o v e r w r i t e   n o t   a t t e m p t e d  I 

l p r o t e c t e d   m e m o r y ,   o r  1 / 0  I 

I 1 I 1 I I - - - I  7 I L L M - I B  m i c r o p r o c e s s o r   ( O = n o   e r r o r  I 
I I I I I I I I l u r i t e   p r o t e c t   e r r o r   l l n w r i t e   a t t e m p t  by I 

I I I I I I I - 1  8 l e n g i n e e r i n g   d a t a   p o r t  lO=no e r r o r  I 
I I I I I I I I I l w r i t e   p r o t e c t   e r r o r   l l r w r i t e   a t t e m p t  b y  e n g r .  I 

1 1 1 2 ! 3 1 4 ! 5 1 6 ! 7 1 8 1  LLMlB E R R O R  UORD-2 I O S L - 1  E - 0 9 1 4  

"""""""* I 1 IDMS B O T / E O T  s t a t u s  I O = B O T  I 
............................ 

I I I I I ~ E O T  I I """"""_ 1 2 l D M S  L e a d e r / t a p e   s t a t u s   l O = o n   t a p e  I 
I I  I I I l = o n   l e a d e r  I 
I I  """ 1 3 - 8 l t i c   c o u n t   s t a t u s   ( 6   M S B ) l 6  HSBs o f  the  1 6   b i t  I 
I I ""I "" I I l t i c   c o u n t  I u 

1 1 ! 2 1 3 1 4 ! 5 1 6 ! 7 1 8 1  LLMlB DMS T A P E  POSITION E S T I M A T E  MSB E - 0 9 2 3  

"""" 

............................ 

I l - 8 l t i c   c o u n t   s t a t u s   ( 8  L S B > ( 8  LSBs o f  the  14  b i t  I 
"""I """ I I I t i c  c o u n t  I - 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 l 8 1  LLMlB DMS T A P E  POSITION ESTIMATE LSB E - 0 9 2 4  

240 



GLL-3-280 Rev. D 

T a b l e  A Z . Z . 9  D i g i t a l   a n d   S o f t w a r e   B i t   D e f i n i t i o n s   ( B i t  1 i s  M S B )  

B i t ( s )   M e a s u r e m e n t   C o n t e n t s  
""~""~""~""""""""""""-""------------ """"_""" I 1 I L L M - Z B  m i c r o p r o c e s s o r   l D = n o  M P L O  I 

I I / l o c k o u t   s t a t u s  I 1 " M P L O  I 
I "_""""" I 2 ( L L M - Z B  s e l f - t e s t   f a i l u r e ) o = p a s s  I 
I I  I l s t a t u s  I I """"". I 3 I C C / D C  i n - p r o c e s s   s t a t u s   ( O = n o  cmd b e g i n n i n g   e x e c u t e  I 
I l l  I I I l = c m d   b e q i n n i n g   e x e c u t e  I I I """"- I 4 I L L M - Z B  P O R  s t a t u s   ( O = n o  P O R  I 
I I I I  I I  
I I I I  I I I I I """- I 5 I L L ~ - Z B  m i c r o p r o c e s s o r   J O = i n   s y n c  I 
I I I I I  I ( s y n c - i d l e  e r r o r  s t a t u s   I l = o u t   o f   s y n c  ( 1 8 0 2  v s  B I S ) I  

I I I I I  I I 
I I I I I - - - - -  I 6 I C C / D C  h a r d w a r e   b u f f e r   I O = e m p t Y  
I I I I I I  I l f u t t   s t a t u s  

I I I I I I I  I I 

1 1 1 1 1 1 I I I  I ( L L M - Z B  B A  i n v o l v e d  

I l = f a i  1 I 

I 
I l = o n e  o r  m o r e   P O R S ,   a n y  I 
I D o w e r   f a i l u r e  I 

! / i d l e   t o c k u p  I 
I 

l l = f u l l  I 
I 1 I I I I - - - I  7 (LLM-26 B A  b u s   p a r i t y   l O = n o   e r r o r  I 
I I I I I I I I l e r r o r   s t a t u s   ( I = o n e  o r  m o r e  e r r o r s ,   a n y  I 

l B A  i n v o l v e d  I 
I I I I I I I - 1  8 I ~ ~ n - 2 6  B A  t r a n s a c t i o n   ( O = n o   e r r o r  I 
I I I I I I I I I ) p a r i t y   e r r o r   s t a t u s   l l = o n e   o r   m o r e   e r r o r s ,  I 

I 

iD 
l"uLu 

( l I Z I 3 I 4 I 5 1 6 I 7 1 8 1  L L M Z B  E R R O R  U O R D - 1  I O S L - 0   E - 0 9 7 3  
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T a b l e   A 2 . 2 . 9   D i g i t a l   a n d   S o f t w a r e   B i t   D e f i n i t i o n s  ( B i t  1 i s  M S B )  

B i t t s L   M e a s u r e m e n t   C o n t e n t s  

I 1 ILLM-28 T L M  p o r t  memory  IO=no e r r o r  
I I r e a d   p a r i t y   e r r o r   s t a t u s ) l = o n e   o r   m o r e   p a r i t y   e r r o r s ]  

"""""""_ ............................ 

I 
I 
I I I  [when  memory  read  by  T L M  I 
I I I D o r t  I I """"""_ 
I I  
1 1  I I s t a t u s   l u h e n  memory  read  by  I 
I I  I i l p r o c e s s o r  I I I """""_ I 3 ILLM-2B E A  m e m o r y   r e a d   l O = n o   e r r o r  I 
1 1 1  I I p a r i t y   e r r o r   s t a t u s   l l = o n e   o r   m o r e   p a r i t y   e r r o r s ]  
I l l  I I i uhen   memorv   read   bv  B A  I I I I """"_ I 4 ( e n g i n e e r i n g   c o n t r o l   p o r t l O = n o   e r r o r  I 
I I I I  
1 1 1 1  
I I I I  I I l c o n t r o k  ~ o r t  I I I I I """_ 
I I I I I  I I  
I I I I I  I I ! b u f f e r  when a l r e a d y   f u l l  I 
I I I I I - - - - -  I 6 I L L M - Z B  E A  w r i t e   p r o t e c t   I O = n o   e r r o r  I 
I I I I I I  I ( e r r o r   s t a t u s  
I I I I I I  I I  
I 1 1 1 1 1  I I I s e l e c t s  I 

I I I I I I I I I s t a t u s   l p r o c e s s o r   i n t o   p r o t e c t e d  I 
I I I I I I I  I I lmemorv I 
I I I I I I I - 1  8 l e n g i n e e r i n g   d a t a   p o r t   l O = n o   e r r o r  I 
I I I I I I I I I ( w r i t e   p r o t e c t   e r r o r   I l n w r i t e   a t t e m p t   b y   e n g r .  1 
I I I I I I I I I I s t a t u s  
1 1 1 1 1 1 I I I  

I d a t e   p o r t   i n t o   p r o t e c t e d  I 
I lmemorv I 

J"u 

I 2 ILLM-2B m i c r o p r o c e s s o r   I O = n o   e r r o r  . I  
I l m e m o r y   r e a d   p a r i t y   e r r o r ) l = o n e   o r   m o r e   p a r i t y   e r r o r s )  

I l m e m o r y   r e a d   p a r i t y   e r r o r l l r o n e   o r   m o r e   p a r i t y   e r r o r s l  
I I s t a t u s   \ w h e n  m e m o r y   r e a d   b y   e n g r .  I 

I 5 I C C / D C  e r r o r   s t a t u s  I O = o v e r w r i t e   n o t   a t t e m p t e d  I 
I l = a t t e m p t   t o   l o a d  C C / D C  H / U I  

I l = w r i t e   a t t e m p t   b y  B A  i n t o  I 
l p r o t e c t e d  memor'y, o r  1 / 0  I 

I I I I I I - - - I  7 ILLM-26 m i c r o p r o c e s s o r  IO=no e r r o r  I 
I I I I I I 1 I J u r i t e   p r o t e c t   e r r o r   I l l w r i t e   a t t e m p t   b y  I 

( l I 2 I 3 I 4 I 5 1 6 1 7 1 8 1  L L M Z B  E R R O R  WORD-2 IOSL-1 E - 0 9 7 4  
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Table A 2 . 2 . 9 .  D i g i t a l  and  Software B i t  D e f i n i t i o n s  ( B i t  1 is MSB) 
Software B i t  De f in i t i ons  (AACS) 

B i t ( s l  Measurement Contents 

"""""""""""" 1 PA 1 0 N  Pre-drive 

O=no d r i v e   p r e s e n t  2 PA  PDE 1 0 N  d r i v e  
l=pre-dr ive   Dresent   s ta tus  
O=no pre-dr ive   p resent  

I """"""""""" 

l=dr ive   Dresent  
O=disabled 
l=enabled 

l~ t o g g l e   e v e n t , e x p l i c i t l y  
 traceable t o  t h e  command- 

"""""""""" 

""""""""" 

ing  of   an  LV from  closed 
t o  open w i t h  t h e  o t h e r  LV 
on t h e  same branch al-  
ready  open,indicates  pro- 
per   opera t ion   of  t h r u s t e r  
d i sab le , even t   coun te r s  & 
f a u l t   d e t e c t o r s .  

PA 1 0 N  t h r u s t e r   d i s -  

O = I / O  B selected ACE 110 i d e n t i f i e r  
disable even t s  able event   counter  
= # of PA t h r u s t e r  

l = I / O  A selected 
mare 

and PDE Annex S t a t u s  (MSB) E - 1 2 5 4  i i 
9 

4 0 0 N  f u e l   l i n e   v a l v e  1 1  

spare LO 

spa re  

Dosi t ion.  LV43 
12 branch A f u e l   l i n e  

Dosi t ion,  LV42 
13 branch B f u e l   l i n e  

valve  Dosi t ion,  L V 4 1  
14 4 0 0 N  o x i d i z e r   l i n e  

va lve  Dosition. LV33 
15 branch A o x i d i z e r  

l i n e  valve p o s i t i o n ,  
LV3 2 

16 branch B o x i d i z e r  
l i n e   v a l v e   p o s i t i o n ,  
LV3 1 

"""""""""""" 

""""""""""_ 
I. ~~ ~ 

O=closed 
l=oDen 
O=closed 
l=open 
O=closed 
laODen 
O=closed 
l=oDen 
Ooclosed 

1 l=open 
~ 

""""""""" 

I """""""_ 

1 10 11 

I '  
"""""" 

I '  """"_ 
""" 

I "- ~ ~ 

1 O=closed 

I 4 4 :  14 15  161 RPM Isovalve  and PDE Annex S t a t u s  (LSB) E - 1 2 5 4  + 

E - 0 1 1 5  through E - 1 1 6 1  - TBD 
E-1326 through E - 1 4 7 1  - TBD 
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Table A 2 . 2 . 9 .  Digital and Software B i t  De f in i t ions  ( B i t  1 is MSB) 

B i t  I s l  Measurement Contents 

I 
"""""""" 

""""""" 

""""" 

"""" 

1 151 I 
" 

U 
7 8 I PPS/DEV/SXA s t a t u s  word 

"""""""" 

I 
""""""" 

"""""" 

I 
""""" 

"""" 

1 (4151 

""" 

"" 

I " 

E-1635 

spare  (dedicated t o  
SXA 1 
PPS MPS 30VDC pwr O=power enabled 
enable   s tatus  K 2  C K4 l=power disabled 
s p a r e   b i l e v e l  
(dedicated t o  SXA) 
DDS cover   s tatus  O=open 

l=c losed  
SXA HGA t i p   l a t c h   O = r e l e a s e d  
re lease   s tatus   l=stowed 
DEV MAG boom release 0-released 
status  l=stowed 
spare  (dedicated t o  

DEV -X RTG boom O=deployed 
deplov  status l=not  deDloved 

SXA 1 

II '. 
PPS/DEV/SXA/DDS s t a t u s  word E-1636 
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 abl le ~ 2 . 2 . 9 .   ~ i g i t a l  a n d   s o f t w a r e   it D e f i n i t i o n s  ( B i t  1 i s  M S B )  

B i t ( s )  M e a s u r e m e n t  C o n t e n t s  
"""~"""""""""""""""------------- """""""- ) 1 - 2 l d i r e c t i o n / t r a c k   1 0 0 = r e v e r s e / t r a c k  4 

I I  I O l = r e v e r s e / t r a c k  2 
I I  ( l O = f o r w a r d / t r a c k  1 
I I I l l = f o r w a r d / t r a c k  3 

""""" 1 3 - 5 1 d a t a   r a t e  1 0 0 0 = 7 . 6 8   k b / s  
I I I  ) 0 0 1 = 1 0 0 . 8   k b / s  
I I I  1 0 1 0 = 2 8 . 8   k b / s  

I I I  1 1 0 0 = 1 9 . 2   k b / s  
I I I  ( 1 0 1 = 1 1 5 . 2   k b / s  
I I I  1 1 1 0 = 5 7 . 6   k b / s  
I I I ""- ( 6 - 7 ( m o d e   J O O = r e a d y  

I I I I  J O l = r e c o r d  
I I I I  J l O = p l a y b a c k  

I 
I I 
I I 
I I 
I I 
I I 
I I 

I I 
I I 
I I 
I I 
I I I 
I I 
I I 

I I I I I I 
I I - -  I 8 l s e r v o   l o c k  I I 

I - 1 -  I I I I I l = o u t   o f  Lock I 

I I I I  1 0 1 1 = 4 0 3 . 2   k b / s  I 

( 1 1 1 = 8 0 6 . 4   k b / s  

I l l = s l e u  
( O = i n   l o c k  

w 
1 1 ( 2 ( 3 ( 4 1 5 1 6 ( 7 ( 8 1  DMS S t a t u s   D a t a  ( A )  E - 1 6 5 0  

"~""""""""""""""-""-------------- _""""""" I l - 2 ) d i r e c t i o n / t r a c k   1 0 0 = r e v e r s e / t r a c k  4 

I I  I O l = r e v e r s e / t r e c k  2 
I I  I l O = f o r w a r d / t r a c k  1 
I ( l l = f o r u a r d / t r a c k  3 

""""" ( 3 - 5 1 d a t r   r a t e  1 0 0 0 = 7 . 6 8   k b / s  
I I I I  l 0 0 1 = 1 0 0 . 8   k b / s  
I I I I  1 0 1 0 = 2 8 . 8   k b / s  

I I I  1 0 1 1 = 4 0 3 . 2   k b / s  
I I I  ( 1 0 0 = 1 9 . 2   k b / s  

I I I I  ( 1 0 1 = 1 1 5 . 2   k b / s  
I I I I  ) 1 1 0 = 5 7 . 6   k b / s  
I I I 1 1 1 1 = 8 0 6 . 4   k b / s  

I I I I I  I O l * r e c o r d  
I I I I I  ( l O = p l a y b e c k  
I I I ! l l l = s l e u  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

I 
I 

I I 1 6 - 7 ) m o d e   l O O = r e a d y  ""- 

I I I - -  I 8 ! s e r v o   l o c k   I O = i n   l o c k  

I l l s o u t  o f  l o c k  I - 1 -  I I I 

. 
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T a b l e  A 2 . 2 . 9 .  D i g i t a l   a n d   S o f t w a r e  B i t  D e f i n i t i o n s  ( B i t  1 i s  M S B )  

B i t ( s L  M e a s u r e m e n t   C o n t e n t s  

\ 1 \ I U S  a t t a c h e d   d i s c r e t e ) O = c m d   n o t   r e c e i v e d  
I lcmd 1 A  I l = c m d   r e c e i v e d  I 
I 2 I I U S  a t t a c h e d   d i s c r e t e l O = c m d   n o t   r e c e i v e d  I 
I Icmd 2A l l = c m d   r e c e i v e d  I 
I 3 I I U S  a t t a c h e d   d i s c r c t e l O = c m d   n o t   r e c e i v e d  ' I  

1 4 l l U S  a t t a c h e d . d i s c r e t e ) O = c m d  n o t   r e c e i v e d  I 
I lcmd 4A I l = c m d  r e c e i v e d  I 
I 5 I I U S  a t t a c h e d   d i s c r e t e l O = c m d  n o t   r e c e i v e d  I 
I lcmd 5 A  I l = c m d  r e c e i v e d  I 
I 6 I I U S  a t t a c h e d   d i s c r e t e l O = c m d  n o t   r e c e i v e d  I 
I lcmd 6A I l = c m d  r e c e i v e d  I 
I 7 I I U S  a t t a c h e d   d i s c r e t e ) O = c m d  n o t   r e c e i v e d  I 
I lcmd 7A I l = c m d  r e c e i v e d  I 
I 8 I I U S  a t t a c h e d   d i s c r e t e l O = c m d  n o t   r e c e i v e d  I 

......................... 

I 

I lcmd 3A I l = c m d   r e c e i v e d  I 

I lcmd 8 A  I l = c m d   r e c e i v e d  I 

I U S  s t a t u s   w o r d  1 E - 1 6 6 5  

I 1 I I U S  a t t a c h e d   d i s c r c t e l O = c m d   n o t   r e c e i v e d  
I lcmd 1 B  1 1 = c m d   r e c e i v e d  I 
I 2 I I U S  a t t a c h e d   d i s c r e t e l O = c m d   n o t   r e c e i v e d  I 
I lcmd 2B I l = c m d   r e c e i v e d  I 
I 3 ( I U S  a t t a c h e d   d i s c r e t e ( O = c e d   n o t   r e c e i v e d  I 
I lcmd 38  I l z c m d   r e c e i v e d  I 
I 4 l I U S  a t t a c h e d   d i s c r e t e l O = c n d   n o t   r e c e i v e d  I 

......................... 

I 

I lcrnd 4 8  
I 5 l l U S  a t t a c h e d   d i s c r e t e  
I lcmd 5B 
I 6 ! I U S  a t t a c h e d   d i s c r e t e  
I l c m d   6 8  
I 7 I I U S  a t t a c h e d   d i s c r e t e  
I l c m d   7 8  
I 8 ( I U S  a t t a c h e d   d i s c r e t e  
I lcmd 8 6  1 

l = c m d   r e c e i v e d  I 
O=cmd n o t   r e c e i v e d  I 
l = c m d   r e c e i v e d  I 
O=cmd n o t   r e c e i v e d  1 
l = c m d   r e c e i v e d  I 
O=cmd n o t   r e c e i v e d  I 
l = c m d   r e c e i v e d  I 
O=cmd n o t   r e c e i v e d  I 
l = c m d   r e c e i v e d  I 

I U S  s t a t u s   w o r d  2 * E-1666 
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T a b l e  A Z . Z . 9 .  D i g i t a l   a n d   S o f t w a r e   B i t   D e f i n i t i o n s   ( B i t  1 i s  M S B )  

"""""""" 

I e I """"""" 

I I """""" 

I l l  I I I """"" 

I I I I  
I I I I """" 

I I I I I  
I I I I I """ 

I I I I I I  
I I I I I I "" 

I I I I I I I  
I I I I I I I "  
I I I I I I I I  w 

) 1 1 2 i 3 I 4 1 5 ~ 6 ~ 7 ! 8 )  

BitCs) M e a s u r e m e n t   C o n t e n t s  
......................... 

1 ~ R R H  o s c i   i t a t o r  2 I O = o f  f I 
l o n / o f f   s t a t u s  I 1  = o n  I 

2 ~ R R H  r e c e i v e r  1 j O = n o t   i n   s t a n d b y   m o d e  I 
l s t a n d b v   m o d e  I l = i n   s t a n d b y   m o d e  I 

3 ( I U S - S O  s e p a r a t i o n  J D = s e p a r a t e d  . I  
I l i n d .  A I l = a t t a c h e d  I 
I 4 [ R R H  r e c e i v e r  2 I O = n o t   i n   u i d e b a n d   m o d e  I 
I I u i d e b a n d   m o d e  I l = i n   u i d e b a n d   m o d e  I 
I 5 ~ P R B  s p i u  ; s t  t m r   p u r  i o = o f f  I 
I I r e l a y  1 s t a t u s  I 1  = o n  I 
I 6 I P R B  s p i u  g - s u  p u r  l O = o f f  I 
I I r e l a y  3 s t a t u s  I I r o n  I 
I 7 ~ P R B  s p i u   g - s u   p u r  I O = o f f  I 
I l r e l a v  6 s t a t u s  1 1  = o n  I 
I 8 I P R B   P R O B E  s e p a r a t i o n  l O = a t t a c h e d  I 
I l i n d i c a t o r  1 I l = s e p a r a t e d  I 
Probe/RRH s t a t u s   w o r d  1 E - 1 9 5 0  

I 1 ~ R R H  o s c i l l a t o r  1 
I l o n / o f f   s t a t u s  I 1  = o n  I 
I 2 ( R R H  r e c e i v e r  2 l O = n o t   i n   s t a n d b y   m o d e  I 
I l s t a n d b v   . m o d e   I l = i n   s t a n d b y   m o d e  I 
I 3 I I U S - S O  s e p a r a t i o n   ( O = s e p a r e t e d  I 

I 4 ~ R R H  r e c e i v e r  1 l O = n o t   i n   u i d e b a n d   m o d e  I 
I i u i d e b a n d   m o d e   I l = i n   u i d e b a n d   m o d e  I 
I 5 ~ P R B  s p i u  c s t  t m r   p u r   l O = o f f  I 
I I r e l e v  z s t a t u s  I 1 = o n  I 
I 6 I P R B  s p i u   g - s u   p u r   I O = o f f  I 
I l r e l a v  4 s t a t u s  I 1  = o n  I 
I 7 I P R B  s p i u   g - s u   p u r   I O = o f f  I 

I I r o n  I 
I 8 I P R B   P R O B E  s e p a r a t i o n   l O = a t t a c h e d  I 

......................... 

I O = o f  f I 

I l i n d .  B ) l = a t t a c h e d  I 

I l r e l a v  5 s t a t u s  

I l i n d i c a t o r  2 I l = s e D a r e t e d  I 

Probe/RRH s t a t u s   u o r d  2 E - 1 9 5 1  
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A 2 . 2 . 1 4 . 4  COS T r e e s w i t c h   A s s i g n m e n t s ,   T a b l e  A 2 . 2 . 1 0  i d e n t i f i e s   t h e  u s a g e  
o f  C O S  t r e e s w i t c h   p o s i t i o n s  by r e f e r e n c e   t o  t h e  e n g i n e e r i n g  
m e a s u r e m e n t   n u m b e r s   d e f i n e d   i n   T a b l e  A 2 . 2 . 8 .  

T a b l e  A 2 . 2 . 1 0  C O S  T r e e s w i t c h   A s s i g n m e n t s  

T r e e  
P o s i t i o n  

D O  
01 
0 2  
03  
04  
0 5  
0 6  
0 7  
08  
0 9  
O A  
O B  
o c  
O D  
O E  
O F  

10 
1 1  
1 2  
13 
14 
1 5  
16  
17  
18 
19  
1 A  
18 
1c 
10 
1 E  
1 F  

20  
21 
22  
2 3  
24  
25 
2 6  
27  
2 8  
2 9  

1 r e e  
- TlA T1B TZA - T2B 

E - 0 0 1 8  
E - 0065  
E - 1 6 3 5  
E - 0 0 5 8  
E - 0 0 5 7  ( M S B )  
E - 0 0 5 7  ( L S B )  
n o t   a v a i l .  
n o t   a v a i  1 .  
E - 0 0 2 0  
E - 0 0 5 3  
E - 0 0 5 5  
E - 0 0 5 6  
E - 1 6 5 0  
n o t   a v a i l .  
n o t   a v a i l .  
n o t   a v a i l .  

E - 1 1 0 0  
E-1101  
E -  1102  
E - 1 1 0 3  
E - 1 1 0 4  
E-1105  
E - 1 1 0 6  
E - 1 1 0 7  
E - 0 0 8 0  
E - 0 0 4 2  
E-1585  
E - 0 0 3 0  
E - 0 0 3 9  
E - 0 0 7 8  
E-0105  
E-1141  

E - 1 5 8 6  
E - 0 1 0 7  
E - 0 1 0 8  
E - 0 0 8 2  
E-0031  
s p a r e  
E - 0 1 0 9  
E-1501  
E - 1 1 0 8  
E - 1 5 0 5  

E - 0 0 1 9  
E - 0066  
E -  1636  
E - 0 0 6 2  
E-0061 (WSB) 
E-0061 ( L S B )  
n o t   a v a i l .  
n o t   a v a i l .  
E-0052  
E-0021  
E - 0 0 5 9  
E - 0 0 6 0  
E-1651  
n o t   a v a i l .  
n o t   a v a i   I .  
n o t   a v a i  I .  

E - 1 1 2 0  
E -  1121 
E-1122  
E - 1 1 2 3  
E-1124  
E-1125  
E-1126  
E -  1 I 2 7  
E-0081  
E-0101  
E - 0 1 0 2  
E - 0040  
E - 0 1 0 3  
E-0104  
E - 1 5 0 6  
E-1148  

E - 1 5 8 9  
E-0041  
E - 0 1 0 6  
E - 0 0 8 3  
E - 0 0 2 7  
s p a r e  
E - 1 5 0 0  
E - 0 0 7 0  
E - 1 1 2 8  
E - 1 5 0 7  
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E-1665  
E - 0 0 6 7  
E - 1 9 5 0  
n o t   a v a i   1 .  
n o t   a v a i l .  
n o t   a v a i l .  
n o t   a v a i l .  
n o t   a v a i l .  
n o t   a v a i l .  
n o t   a v a i   I .  
n o t   a v a i l .  
n o t   a v a i  1 .  
n o t   a v a i l .  
n o t   a v a i l .  
n o t   a v a i l .  
n o t   a v a i l .  

s p a r e  
s p a r e  
s p a r e .  
s p a r e  
s p a r e  
E - 0071 
s p a r e  
s p a r e  
E - 0 0 9 2  
s p a r e  
s p e r e  
s p a r e  
s p a r e  
s p a r e  
s p a r e  
E - 1 1 5 5  

s p a r e  
s p a r e  
s p a r e  
s p a r e  
s p a r e  
E-1136  
E - 0 0 7 7  
E - 0 0 9 3  
s p a r e  
s p a r e  

E - 1 6 6 6  
E - 0 0 6 8  
E-1951  
n o t   a v a i  I .  
n o t   a v a i l .  
n o t   a v a i  1 .  
n o t   a v a i l .  
n o t   a v a i  1 .  
n o t   a v a i  1 .  
n o t   a v a i  1 .  
n o t   a v a i  1 .  
n o t   a v a i  1 .  
n o t   a v a i  1 .  
n o t   a v a i l .  
n o t   a v a i   1 .  
n o t   a v a i l .  

n o t  
n o t  
n o t  
n o t  
n o t  
n o t  
n o t  
n o t  
n o t  
n o t  
n o t  
n o t  
n o t  
n o t  
n o t  
n o t  

a v a  i 1 .  
a v a  i 1 .  
a v a  i 1 .  
a v a  i 1 .  
a v a  i 1 .  
a v a i  I .  
a v a  i 1 .  
a v a i   1 .  
a v a  i 1 .  
a v a  i 1 .  
a v a  i 1 .  
a v a i   l .  
a v a i  1 .  
a v a i  1 .  
a v a i  1 .  
a v a i   1 .  

n o t   a v a i l .  
n o t   a v a i  I .  
n o t   a v a i  1 .  
n o t   a v a i  1 .  
n o t   a v a i  1 .  
n o t   a v a i l .  
n o t   a v a i l .  
n o t   a v a i l .  
n o t   a v a i l .  
n o t   a v a i l .  

I) 

0 



Tree 
Position 

2 A  
2B 
2 c  
2D 
2E 
2F 

30 
31  
32 
33 
34 
35 
36 
37 
38 
39 
3 A  
3B 
3 c  
3D 
3E 
3F 

40 
41  
42 
43 
44 
45 
46  
47 
48 
49 
4A 
4B 
4 c  
4D 
4E 
4F 

50  
5 1  
52 
53  
54 
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Table A2.2.10 CDS Treeswitch  Assignments 

- T1A 

E-0032 
E-0095 
E-1680 
E-0034 
E-1110 
E-1142 

E-1652 
spare 
E-1980 
E-0024 
spare 
spare 
E-1551 
E-1552 
E-0038 
E-1591 
spare 
spare 
E-0073 
spare 
E-0086 
E-1143 

E-0090 
spare 
spare 
spare 

spare 

spare 
spare 
spate 

E-1588 

E-0023 

E-0069 
E-1109 
E-0028 
spare 
E-1486 
E-1144 

E-1660 
E-1613 
E-1643 
E-1607 
E-0097 

- T1B 

E-0037 
E-0094 
E-1590 
E-0029 
E-1130 
E-1149 

E-1653 
E-1553 
E-1981 
E-0022 
E-0088 
spare 

spare 
E-0016 

E-0025 
E-1587 
spare 

spare 

spare 

E-0033 

E-1720 

E-1150 

E-0091 
E-0036 
E-1556 
E-0087 
spare 
spare 
E-0026 
spare 
spare 
E-1594 
E-0075 
E-1129 
E-0035 
spate 
E-1487 
E-1151 

E-1659 
E-1595 
E-1608 
E-1649 
E-1640 
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Tree 
- T2A 

spare 
E-0072 
spare 
spare 
spare 
E-1156 

spare 

spare 
spare 
spare 
spare 
spare 

spare 
spare 
spate 
spare 

spare 
spare 

E-1970 

E-0079 

E-0074 

E-1157 

spare 
spare 
spate 
spare 
spare 
spare 
spare 
spare 
spare 
spare 
spate 
E-1960 
spare 

spare 
E-1158 

E-0076 

E-1952 
E-1910 
E-1913 
E-0009 
E-1915 

(Cont ' d )  

- T2 B 

not ava i l .  
not  avail .  
not ava i l .  
not ava i l .  
not ava i l .  
not  avail .  

not ava i l .  
not ava i l .  
not ava i l .  
not  avail .  
not  avail .  
not  avail .  
not  avail .  
not  avail .  
not  avail .  
not ava i l .  
not  avail .  
not  avail .  
not  avail .  
not  avail .  
not ava i l .  
not  avail .  

not  avail .  
not  avail .  
not ava i l .  
not  avail .  
not  avail .  
not  avail .  
not  avail .  
not  avail .  
not ava i l .  
not  avail .  
not  avail .  
not  avail .  
not ava i l .  
not   avai l .  
not  avail .  
not   avai l .  

not   avai l .  
not  avail .  
not  avail .  
not ava i l .  
not ava i l .  

W 
Ln 

1: 
* 

Change 1: 07/01/89 



u 
S I  m 
_ .  
m 

- 1  
U 
4 

21 I n  

el 

- I  

U ;I LA 

m 

U 
4 

31 LA 
m 

Tree 
Posit  ion  

55 
56 
57 
58 
59 
SA 
5B 
5c 
5D 
5E 
5F 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
6A 
6B 
6C 
6D 
6E 
6F 

70 
71 
72 
73 
74 
7s  
76 
77 
78 
79 
7A 
7B 
7c  
7 D  
7E 
7F 
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Table  A2.2.10 CDS Treeswitch  Assignments 

T1A 

E-1860 
E-1648 
E-0043 
E-1639 
E-1690 
E-1618 
E-0045 
E-1600 
E-1740 
E-0000 
E-1145 

E-1657 
E-0044 
E-1615 
E-1610 
E-1606 
E-1645 
E-1619 
E-0048 
E-1478 
E-1638 
E-0004 
E-1862 
E-1602 
E-1750 
E-1557 
E-1146 

E-1642 
E-1596 
E-1681 
E-1611 
E-1603 
E-1675 
E-0002 
E-0047 
E-1598 
E-1691 
E-1483 
E-0096 
E-1752 
E-0099 
E-0006 
E-1147 

Change 1: 07/01/89 

Tree - T1B 

E-1604 
E-1485 
E-1863 
E-1644 
E-0100 
E-1948 
E-0050 
E-1693 
E-1751 
E-0001 
E-1152 

E-1612 
E-0046 
E-1722 
E-1609 
E-1605 
E-1641 
E-0003 
E-0051 
E-1477 
E-1692 
E-1617 
E-1982 
E-1753 
E-0098 
E-0049 
E-1153 

E-1658 
E-1620 
E- 16  14 
E-0017 
E-1599 
E-1646 
E-1472 
E-0005 
E-1597 
E-1861 
E-1676 
E-1616 
E-1601 
E-1637 
E-0007 
E-1154 
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T2A 

E-1883 
E-1473 
E-1967 
E-1479 
E-1715 
E-1475 
E-0011 
E-0008 
E-1885 
E-1916 
E-1159 

E-1625 
E-1953 
E-1912 
E-1914 
E-1790 
E-1480 
E-0012 
E-0014 
E-1880 
E-1647 
E-1966 
E-1474 
E-1481 
E-1884 
E-0015 
E-1160 

E-1911 
~ - 1 8 8 2  

spate  
E-1881 
E-1482 
E-1965 
E-0010 
E-1946 
E-1716 
E-1476 
E-0013 
E-1947 
E-1945 
E-1960 
E-1161 

E-1954 

(Cont ' d )  

- T2B 

not   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  

no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
not a v a i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  

no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
no t   ava i l .  
not a v a i l .  
not   avai l .  
not a v a i l .  
no t   ava i l .  
no t   ava i l .  
not a v a i l .  
not a v a i l .  
not a v a i l .  
not a v a i l .  
not a v a i l .  
not  a v a i l .  
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@ A 2 . 3   M e m o r y   R e a d o u t   D a t a  

A 2 . 3 . 1  M e m o r y   R e a d o u t   S t r u c t u r e .  T h e  s p a c e c r a f t   d a t a   s y s t e m   s h a l l   p r o v i d e  a 
common s t r u c t u r e   f o r   r e a d i n g   o u t   a n y   o n b o a r d   c o m p u t e r   m e m o r y .  T h e  
s t r u c t u r e   s h a l l   s u p p o r t   b o t h  8 a n d   1 6   b i t   m e m o r y   r e a d o u t s .  , 

T h e   f o r m a t   o f  t h i s  s t r u c t u r e   i s   s h o u n   i n   F i g u r e   A 2 . 3 . 1   a n d   d e s c r i b e d  
i n   g r e a t e r   d e t a i l   i n   T a b l e   A 2 . 3 . 1 .  

I . C O N T R O L  I 
I E L E M E N T  I I M E M O R Y  R E A D O U T  \ \ D A T A  I 

""-""""""""""""""""""""""- 
I / / 

"-""""" 
I 

I """"""_ I I \ \ I 
I I I I I I I \ 3 2  I I I 
I I I 8 I 8 I 8 1 8  I / T O T A L / )  8 I 8 I 
I B U S  
I USER I M E M O R Y  I I I \  \ I  I 

I I I 1 6  I 1 6  I / 1 6  / I  1 6  I 
I 8 I 1 6  I I I / T O T A L /  I I 

I S T A R T I N G  I I I I 1 / 1-1 

I C O D E  I ADDRESS I I I \  \ I  I 

I I I I I /  \ I 1  

F i g u r e   A 2 . 3 . 1 :   M e m o r y   R e a d o u t   S t r u c t u r e  

T a b l e   A 2 . 3 . 1 .  M e m o r y   R e a d o u t   S t r u c t u r e  
.............................. 

I D a t a   D e s c r i p t i o n  I B i t s  I O f f s e t   t o  I P a r a g r a p h  I 
I I f r a m e  I D a t a   S t a r t  1 I 
I I I I I 

I I I I I 

I I I I I 

I D a t a  I I I I 

I B u s   U s e r   C o d e  I 8 I 0 I A 2 . 3 . 1 . 1  I 

I S t a r t i n g   A d d r e s s 1   1 6  I 8 I A 2 . 3 . 1 . 2  I 

I Memory   Readout  I 2 5 6  I 2 4  I A 2 . 3 . 1 . 3  I 

I """"""""._ I """_ I """""" I "_""""""""" I 

A 2 . 3 . 1 . 1   B u s   U s e r   C o d e s .  T h e  B u s   U s e r   C o d e   a r e a   c o n t a i n s   B u s   s o u r c e   c o d e s ,  
a n d   d e s c r i b e s  the  d a t a   c o n t a i n e d   w i t h i n  t h e  m e m o r y   r e a d o u t   p o r t i o n  o f  
t h e  f r a m e .  The c o n t e n t s   s h a l t   b e   i n t e r p r e t e d   i n   a c c o r d a n c e   w i t h  
T a b l e   A 2 . 3 . 2 .  
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T a b l e   A 2 . 3 . 2 .   B u s   U s e r   C o d e s  

I S u b s y s t e m /  I Bus   User  I D a t a  F i e l d  I Number o f   u o r d s  I 
I M o d u l e  I ( s o u r c e )  I U i d t h  ( b i t s )  I i n  Frame I 

"""""""_""""""""""""""""""""" 
I I c o d e  I I I 
I I 
I E P D  I 
I P P R  I 
I D D S  I 
I PLS I 
I uvs I 

I S S I  I 
I M A G  I 

I N I M S  I 
I A A C S - A  I 
I A A C S - B  I 
I R R H -  1 I 
I RRH-2 I 
I CDS I 
I H L M - 1 A  I 
I H L M - 1 B  I 
I L L M - 1 A  I 
I L L M - 1 8  I 
I LLM-2A I 
I LLM-2B I 
I B U M - 1 A - 1 A  I 
I BUM-1A-2B I 
I BUM-1B-18 I 
I BUM-1B-2A I 
1 D B U M - 1 A  I 
I D B U M - 1 B  I 
I C R C - 1 A  I 
I C R C - 1 B  I 
I CRC-2A I 
I CRC-2B I 

99 
9 8  
O D  
A0 
A2 
A3 
A4 
A 5  
8 7  
8 8  
8 4  
8 7  

8 4  
8 5  
8 C  
8D 
A C  
A D  
9 0  
91 
9 4  
9 5  
8A 
8B 
8E 
8F 
A E  
A F  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

8 
8 
8 
8 
8 
8 
8 
8 
1 6  
1 6  
8 
8 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

3 2  
3 2  
3 2  
3 2  
3 2  
3 2  
3 2  
3 2  
1 6  
1 6  
3 2  
3 2  

3 2  
3 2  
3 2  
3 2  
3 2  
3 2  
3 2  
3 2  
3 2  
3 2  
3 2  
3 2  
3 2  
3 2  
3 2  
3 2  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

A 2 . 3 . 1 . 2   S t a r t i n g   A d d r e s s .   T h i s   f i e l d   s h a l l   r e p r e s e n t  the  a d d r e s s  
c o r r e s p o n d i n g   t o  t h e  f i r s t  m e m o r y   r e a d o u t   w o r d   i n  t h e  r e a d o u t   d a t a .  

I n   o r d e r   t o   p r o v i d e  a c o n s i s t e n t   r e a d o u t   , f o r m a t   f o r   a l l   s p a c e c r a f t  
c o m p u t e r   m e m o r i e s ,  t h e  m e m o r y   r e a d o u t   s h a l l   s t a r t   a t  a s p e c i f i e d  
a d d r e s s .  

A 2 . 3 . 1 . 3  Memory R e a d o u t   D a t a .  The d a t a   i n   t h i s   p o r t i o n   o f  t h e  f r a m e   s h a l l  
c o n t a i n  t h e  c o n t e n t s   o f   c o n s e c u t i v e  memory l o c a t i o n s .  T h e  f i r s t   d a t a  
w o r d   s h a l l   b e  t h e  c o n t e n t s   o f  the  memory l o c a t i o n   s p e c i f i e d   b y  t h e  
s t a r t i n g   a d d r e s s   f i e l d .  
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A 2 . 3 . 1 . 3 . 1  S u b s y s t e m   M e m o r x .   F o r   a n y   s u b s y s t e m   c o m m a n d e d   m e m o r y   r e a d o u t ,  
n u m b e r   o f   c o n s e c u t i v e   m e m o r y  L o c a t i o n s   r e a d   o u t   p e r   b l o c k   s h a l l   b e  
o r  3 2  c o r r e s p o n d i n g   t o  16  o r  8 b i t   p r o c e s s o r   u o r d   s i z e s   r e s p e c t i v e  

t h e  
16  

1 Y .  

A 2 . 3 . 1 . 3 . 2  C o m m u t a t i o n  Map R e a d o u t   D a t a .   I n   o r d e r  t o  f a c i l i t a t e   g r o u n d  
r e c o n s t r u c t i o n   o f   o n - b o a r d   e n g i n e e r i n g   c o m m u t a t i o n   m a p s ,  t h e  maps  
s h a l l   b e   s t o r e d   i n  a k n o u n   l o c a t i o n .   I n  t h e  e v e n t   t h a t  t h e  O r b i t e r  
p a r t i t i o n s  t h e  e n g i n e e r i n g   c o m m u t a t i o n   m a p s   a m o n g   v a r i o u s  C D S  a n d  
A A C S  m e m o r i e s ,  t h e  v a r i o u s   p a r t i t i o n s   s h a l l   a l l   b e   s t o r e d   i n   k n o u n  
l o c a t i o n s .  

A 2 . 3 . 2  V a r i a b l e   P a c k e t   R e p l a c e m e n t   R e a d o u t .  T h e  s p a c e c r a f t   d a t a   s y s t e m  
s h a l l   h a v e  t h e  c a p a b i l i t y   t o   r e a d   o u t  a n y   o n - b o a r d   p r o c e s s o r   m e m o r y  
i n  t h e  e n g i n e e r i n g   d a t a   s t r e a m .  The f o r m a t   o f  t h e  v a r i a b l e   p a c k e t  
r e p l a c e m e n t   m e m o r y   r e a d o u t   s h a l l   b e   a s  s h o u n   i n   F i g u r e  A 2 . 3 . 2 .  

VARIABLE PACKET VARIABCE PACKET 
POSITICN 1 K S I T I C N  2 

VARIABLE PAMET VARIABLE PAMET VPRIABLE PA023 
POSITIONS 3-7 POSITICN 8 POSITlcN 9 

I I I I I I I /  \ I  I I I 

K K R Y  RENXUl DATA 

F i g u r e  A 2 . 3 . 2 .  V a r i a b l e   P a c k e t   R e p l a c e m e n t   M e m o r y   R e a d o u t  
I 

0 

A 2 . 3 . 2 . 1  D e s c r i p t i o n .  T h e  CDS s h a l l   c o l l e c t   t h e  m e m o r y   r e a d o u t   d a t a   f r o m  t h e  
d e s i r e d   s u b s y s t e m   a n d   c r e a t e  a m e m o r y   r e a d o u t   s t r u c t u r e   i d e n t i c a l  t o  
p a r a g r a p h  A 2 . 3 . 1 .  T h i s   s t r u c t u r e   u i l l   r e p l a c e  t h e  f i r s t  7 v a r i a b l e  
p a c k e t s   i n  t h e  e n g i n e e r i n g   f r a m e .  

A 2 . 3 . 3  M e m o r y   R e a d o u t   D a t a   S t r e a m .   T h e   S e q u e n c e   i n   w h i c h  t h e  3 2 - b y t e  b l o c k s  
o f  m e m o r y   r e a d o u t   d a t a   a p p e a r   i n  t h e  e n g i n e e r i n g   t e l e m e t r y   i s  
d e p e n d e n t   o n   b o t h  the  e n g i n e e r i n g   t e l e m e t r y   d a t a   r a t e  a n d  t h e  memory  
r e a d o u t   m o d e   s e l e c t e d   u i t h i n   t h e  CDS, a s   d e s c r i b e d   i n  t h e  f o l l o u i n g  
p a r a g r a p h s .  
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... 

EIR ( i -1 )  Em ( i )  I 

I/ 

s KR 32-m 
E K-1st Bus( 
R 32-BYTE 

I 
/ 

/ 
/ 

/ 
/ 

f 

- 
B 
U 
S 

U 
S 
E 
R 

C 
0 
D 
E - 

K t h  
32-BYTE 
BLm: 

...... 

..... 

-1- 
VARIABUE I H 

/ (See  Fig. I E 
F I B  A2.3.2) A 

u"j 
I 

/ 
/ 

/ 
/ 

/ 
I 

- 
B 
U 
S 

U 
S 
E 
R 

C 
0 
D 
E - 

EM7 (i+30) 

VARIABLE AREA 
( S e e  Fig. 

I 
/ 

/ 
/ 

/ 
/ 

I 

A 2 . 3 . 3 . 1   n e m o r v   R e a d o u t   w i t h i n   1 2 0 0   b / s   E n s i n e e r i n p .   S u c c e s s i v e   f r a m e s  o f  t h e  
h i g h   r a t e   e n g i n e e r i n g  ( E H R )  s h a l l   c o n t a i n   3 2 - b y t e   b l o c k s   o f  memory 
r e a d o u t   d a t a   f r o m   s e q u e n t i a l   l o c a t i o n s   w h e n  the  h i g h   r a t e  memory 

, r e a d o u t   m o d e   i s   s e l e c t e d .   Y h e n  the  l o w   r a t e   m e m o r y   r e a d o u t   d a t a  i s  
s e l e c t e d ,   e a c h   3 2 - b y t e   b l o c k   o f  m e m o r y   r e a d o u t   d a t a   s h a l l   a p p e a r  i n  
t h i r t y   s u c c e s s i v e  h i g h  r a t e   e n g i n e e r i n g   f r a m e s .  T h e  s e q u e n c e  o f  
m e m o r y   r e a d o u t   d a t a   w i t h i n  the  1200  b / s   e n g i n e e r i n g   t e l e m e t r y  i s  
d e p i c t e d   i n   F i g u r e   A 2 . 3 . . 3 . 1   f o r  the  h i g h  a n d  L O W  r a t e  memory   readout  
m o d e s   o f  t h e  CDS. 
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I .. 

I 
/ 

/ 
/ 

/ 

I/ 
/ 

I 
/ 

/ 
/ 

/ 
/ 

I/ 

I 
/ 

/ 
/ 

/ 
/ 

/ 
I 

F i g u r e   A 2 . 3 . 3 . 2  M e m o r y   R e a d o u t   S e q u e n c e   a t  4 0  b / s   E n g i n e e r i n g   T e l e m e t r y  ( E S S )  

A 2 . 3 . 3 . 2  M e m o r y   R e a d o u t   w i t h i n  4 0  b / s   E n a i n e e r i n g .   S u c c e s s i v e   f r a m e s  o f  4 0  
b / s   s n a p s h o t   e n g i n e e r i n g  ( E S S )  s h a l l   c o n t a i n   3 2 - b y t e   b l o c k s   o f  memory 
r e a d o u t   d a t a   f r o m   s e q u e n t i a l   L o c a t i o n s   u h e n  t h e  low r a t e  memory 
r e a d o u t   m o d e   i s   s e l e c t e d .   Y h e n  t h e  h i g h   r a t e  memory   readout   mode  i s  
s e l e c t e d ,   e v e r y   t h i r t i e t h   3 2 - b y t e   b l o c k   o f  m e m o r y   r e a d o u t   d a t a   s h a l l  
a p p e a r   i n   s u c c e s s i v e   f r a m e s  o f  t h e  4 0  b / s   s n a p s h o t   e n g i n e e r i n g .  T h e  
s e q u e n c e  o f  m e m o r y   r e a d o u t   d a t a   w h i c h   s h a l l   a p p e a r   u i t h i n   t h e  4 0  b / s  
( s n a p s h o t )   e n g i n e e r i n g   t e l e m e t r y   i s   d e p i c t e d   i n   F i g u r e   A 2 . 3 . 3 . 2   f o r  
t h e  h i g h  a n d   l o w   r a t e   m e m o r y   r e a d o u t   m o d e s   o f  t h e  CDS.  

A 2 . 3 . 4  M e m o r y   R e a d o u t   S a m p l i n a   T i m e .  A L L  m e m o r y   r e a d o u t  d a t a   s h a l l   b e  
s a m p l e d   b e t w e e n   4 7 6 - 2 / 3   a n d  5 3 3 - 1 / 3  m i l l i s e c o n d s  a f t e r   t h e  SCLK 
c o n t a i n e d   i n   t h e   e n g i n e e r i n g   f r a m e   h e a d e r   c o n t a i n i n g  t h e   r e a d o u t .  
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A 2 . 4  A A C S  P O S I T I O N  A N D  R A T E  D A T A  

T h e  AACS s h a l l   p r o v i d e   p o i n t i n g   v e c t o r   a n d   r a t e   d a t a .  T h e  p o i n t i n g  
v e c t o r   i n f o r m a t i o n   s h a l l   b e   p r o v i d e d   i n  t h e  E a r t h   M e a n   E q u a t o r  ( € M E )  
1 9 5 0 . 0  c o o r d i n a t e   s y s t e m ,  t h e  E c l i p t i c  ( E C L )  1 9 5 0 . 0  c o o r d i n a t e  
s y s t e m ,   a n d   s p a c e c r a f t   r e l a t i v e   c o o r d i n a t e   s y s t e m .  T h e  L R S  d a t a  
s c h e m a t i c   i s   s h o w n   i n   F i g u r e  A 2 . 4 . 1  a n d   d e s c r i b e d   f u r t h e r   i n   T a b l e  
A 2 . 4 . 1 .  

1 EWE - 50 COORDINATES I I 
I I I lCOORDINATESl C O O R D I N A T E S  I 

I I 
I I I I SPIN I SPIN I I I 

I I  I I I  I I I CONE I D E L T A  I A N G L E  I P O S I T I O N  I P O S I T I O N  I 

I E C L  - 50 I S/C R E L A T I V E  I 

I ROTOR A T T I T U D E  I P L A T F O R M  A T T I T U D E  I P L A T F O R M  RATE I ROTOR I ROTOR I 

I RA I D E C  I TUlST I RA I D E C  I TUIST I CONE I CROSS I MOTION I POSITION I CONE I CLOCK I 

I 16 I 16 I 16 I 16 I 16 I 16 I 16 I 16 I 16 I 16 I 16 I 16 I 

F i g u r e  A 2 . 4 . 1 .  AACS P o s i t i o n   a n d   R a t e   D a t a  
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T a b l e   A 2 . 4 . 1 .  A A C S  P o s i t i o n   a n d   R a t e   D a t a  

e 

I 
"""""""""_""""""""""""""""""""""""""""" 

I s i t s  I I I 
I D a t a   D e s c r i p t i o n   I F r a m e l D a t a   S t a r t 1   C o m m e n t s ( 1 )  I 
1 R o t o r   A t t i t u d e   ( 2 )  I I l l h e  L e a s t   S i g n i f i c a n t  B i t  ( L S B )  I 
I R i g h t  A s c e n s i o n  ( R A )  I 1 6  I o I r e p r e s e n t s   1 / 2 1 6   r e v o l u t i o n .  I 
I D e c l i n a t i o n  ( D E C )  I 1 6  I 1 6  I I 
I T u i s t   ( 3 )  I 1 6  I 3 2  I I 

I P l a t f o r m   A t t i t u d e   ( 2 )  I I l l h e  L e a s t   S i g n i f i c a n t  B i t  ( L S B )  I 
I R i g h t  A s c e n s i o n  ( R A )  I 16 I 4 8  I r e p r e s e n t s   1 / 2 1 6   r e v o l u t i o n .  I 
I D e c l i n a t i o n  ( D E C )  I 1 6  I 6 4  I I 
I T u i s t   ( 4 )  I 1 6  1 8 0  I I 

I P l a t f o r m   R a t e  I I J T h e  LSB r e p r e s e n t s   1 / 2  r e v o l u t i o n 1  
I Cone I 1 6  I 9 6  ) d u r i n g   8 - 1 / 3   m i l l i s e c o n d  i n t e r v a l .  1 
I C r o s s   C o n e  I 16 I 1 1 2  I I 

I R o t o r   S p i n   M o t i o n   D e l t a (  16 I 1 2 8  I T h e  LSB r e p r e s e n t s   1 / 2   r e v o l u t i o n 1  

I I I I I 

I I I I I 

I I I I I 

I I I '  l d u r i n g   8 - 1 / 3   m i l l i s e c o n d   i n t e r v a l .  I 
I I I I I 

I I I I I 

I I I I I 

I R o t o r   S p i n   P o s i t i o n  I 16 I 1 4 4   l T h e  LSB r e p r e s e n t s   1 / 2  r e v o l u t i o n l  
I A n g l e  ( 2 ,  5 )  I I I I 

I C o n e   P o s i t i o n   ( 2 ,   6 )  I 1 6  I 1 6 0  l l h e  L S B  r e p r e s e n t s   1 / 2  r e v o l u t i o n 1  
I C l o c k   P o s i t i o n   ( 2 ,  7 )  I 16 I 1 7 6  I I 

I N o t e s :  I 
l ( 1 )  D a t a  i s  a 1 6   b i t   2 ' s   c o m p l e m e n t   n u m b e r .  I 
1 ( 2 )  D a t a  i s  p r e d i c t e d   a h e a d   t o  R T 1  0 .  I 
1 ( 3 )  R o t o r  tw i s t  r e p r e s e n t s   r o t a t i o n   a b o u t  t h e  s p a c e c r a f t   Z - a x i s .  The t w i s t  I 
I a n g l e   s h a l l   b e   d e f i n e d   a s  t h e  a n g l e   f r o m  t h e  p r o j e c t i o n   o f   t h e   E a r t h ' s  1 
I N o r t h   P o l e   o n t o  t h e  X - Y  p l a n e   t o  t h e  R o t o r   - X - a x i s   ( p o s i t i v e   r o t a t i o n  I 
I a b o u t  t h e  Z - a x i s   p r o v i d e s  a p o s i t i v e   , t w i s t   a n g l e . )  I 

I ( L -  a x i s ) .  T h e  t u i s t   a n g l e   s h a l l   b e   d e f i n e d   a s  t h e  a n g l e   f r o m   t h e  I 
I p r o j e c t i o n   o f  t h e  E a r t h ' s   N o r t h   P o l e   o n t o  t h e  M - N  p l a n e   t o   t h e   s c a n  I 
I p l a t f o r m   " - a x i s   ( p o s i t i v e   r o t a t i o n   a b o u t  t h e  L - a x i s   p r o v i d e s  a 1 

1 ( 4 )  P l a t f o r m   t u i s t   r e p r e s e n t s   r o t a t i o n   a b o u t  t h e  s c a n   p l a t f o r m   b o r e s i g h t  I 

p o s i t i v e   t u i s t   a n g l e .  I 
S p i n   p o s i t i o n   a n g l e   r e p r e s e n t s   t h e   a n g l e   f r o m   t h e   p r o j e c t i o n  of  t h e  I 
N o r t h   E c l i p t i c   P o l e   v e c t o r   o n  the  X - Y  p l a n e   t o   t h e   - X - a x i s .   P o s i t i v e  I 
r o t a t i o n   a b o u t   t h e   Z - a x i s   p r o v i d e s  a p o s i t i v e   s p i n   p o s i t i o n   a n g l e .  I 
C o n e   p o s i t i o n   r e p r e s e n t s  t h e  n u l l   o f f s e t   c o r r e c t e d   e n c o d e r   a n g l e  1 
b e t u e e n  t h e  - Z - a x i s   a n d  t h e  s c a n   p l a t f o r m   b o r e s i g h t   ( L - a x i s ) .  An I 
i n c r e a s i n g   e n c o d e r   r e a d i n g   r e p r e s e n t s   a n   i n c r e a s i n g  + N  r o t a t i o n  o f  t h e  1 
s c a n   p l a t f o r m   u i t h   r e s p e c t   t o  t h e  s t a t o r .  I 
C l o c k   p o s i t i o n   r e p r e s e n t s  t h e  n u l l   o f f s e t   c o r r e c t e d   a n g l e   b e t w e e n   t h e  I 
- Y - a x i s   o f   t h e   r o t o r   a n d  the SAS s h a f t   ( - N - a x i s ,   n o m i n a l l y   t h e   - Y - a x i s  I 

i n c r e a s i n g  - 2  r o t a t i o n  of t h e   r o t o r  w i t h  r e s p e c t   t o  the  s t a t o r .  I 
o f  t h e   s t a t o r ) .  An i n c r e a s i n g   e n c o d e r   r e a d i n g   r e p r e s e n t s   a n  I 

(I) 
I """"""_"""""""""""""""""""""""""""""""" I 
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D U S T  D E T E C T O R  S U B S Y S T E M  T E L E M E T R Y  

T h i s  p a r a g r a p h   d e s c r i b e s  the  f o r m a t   a n d   c o n t e n t  o f  t h e  D D S  o u t p u t .  

A 2 . 5 . 1  D D S  P a c k e t .  T h e  s c h e m a t i c   o f  t h i s  p a c k e t  i s  s h o w n   i n   F i g u r e  A 2 . 5 . 1 .  
One f u l l  DDS p a c k e t  i s  d i s t r i b u t e d   o v e r   1 3  LRS f r a m e s .  

I DDS S c i e n c e   D a t a  I D i g i t a l   S t a t u s !  
T i t l e  I I a n d   A n a l o g  I 

~""""""""""""""""""- 

I I E n g i n e e r i n g  I 
I I I 

I I I 

I I I 

D a t a   O f f s e t  I 0 I 1 2 0  I 

B i t s / p a c k e t  I 1 2 0  I 8 8  I 

D e s c r i p t i o n  I A 2 . 5 . 3  I A 2 . 5 . 4  I 
I I I 

F i g u r e   A 2 . 5 . 1  DDS P a c k e t  

A 2 . 5 . 2   I n s t r u m e n t   S y n c h r o n i c i t y .   U i t h i n  the  DDS p a c k e t ,   t h e r e  w i l l  e x i s t  
o n e   m a j o r   s y n c h r o n i s m   r e l a t i v e   t o  t h e  SCLK. The r e l a t i o n s h i p  o f  t h e  
s t a r t   o f  the  DDS p a c k e t   t o  SCLK a n d   s y n c h r o n i z a t i o n   i n d e x  ( S I )  i s  
s h o w n   i n   T a b l e   A 2 . 5 . 1 .  

T a b l e   A 2 . 5 . 1   R e l a t i o n s h i p   o f  S I  a n d  SCLK t o   s t a r t   o f  DDS p a c k e t  

- S I  M O D  91  
" DDS P a c k e t  

0 1 
1 1 4  
2 2 7  
3 4 0  
4 5 3  
5 66  
6 7 9  

1st p a c k e t  
2nd p a c k e t  
3 r d  p a c k e t  
4 t h  p a c k e t  
5 t h  p a c k e t  
6 t h  p a c k e t  
7 t h  p a c k e t  

A 2 . 5 . 3  DDS S c i e n c e   D a t a .   T h e  DDS S c i e n c e   D a t a   s e c t i o n  may c o n t a i n  3 
d i f f e r e n t   d a t a   t y p e s ,   d e p e n d a n t   o n   t h e   m o d e   s e l e c t e d . ,  Mode 1 i s  t h e  
s c i e n c e   c o l l e c t i o n   m o d e .   T h e   f i r s t   1 5   b y t e s   o f   d a t a  ( 1  t h r o u g h  1 5 )  
c o n t a i n   d u s t   d e t e c t i o n   i n f o r m a t i o n .   T h e   c o n t e n t s   o f   t h i s   s e c t i o n   a r e  
t h e n   s h o w n   i n   T a b l e   A 2 . 5 . 2 .  

Mode 2 i s  a m e m o r y   r e a d - o u t   m o d e .   I n   t h e   m e m o r y   r e a d o u t   m o d e ,  t h e  
f i r s t   b y t e  o f  DDS d a t a   c o n t a i n s  t h e  8 I ISB's  of t h e   s t a r t i n g   a d d r e s s  
o f  the  m e m o r y   r e a d o u t ,   a n d  the n e x t   b y t e   c o n t a i n s  the  8 L S B I s  o f  t h e  
s t a r t i n g   a d d r e s s .  The n e x t  13 b y t e s   o f   d a t a   ( 3   t h r o u g h   1 5 )   c o n t a i n  
m e m o r y   r e a d o u t   d a t a .  
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T a b l e   A 2 . 5 . 2  DDS S c i e n c e   D a t a  (MSB i s  b i t  1 )  

B i t t s )  " C o n t e n t s  
"""""""""""-""" """""_ I l - 6 l i o n   g r i d   a m p l i f i e r   1 1 0   t o   1 0 -  , I  

I 1 I O U t D U t  I Cou 1 ombs I 
I - - -  1 7 - 8 1 i o n   g r i d   t h r e s h o l d   l t h r e s h o l d   v a l u e   i n  I 

""I "" L I I I b i   n a r y  I 

-TS"""-8"""""- 

u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  D D S  B y t e  1 

"""""""" 

"""""""""""""""""""------------ 
I 1 l t h r e s h o l d   s t a t u s   l O = c o m m a n d e d  I 

I I I I l = a u t o m a t i c  1 
I I 
I I I I I Cou 1 ombs I 
I I " -  ( 7 - 8 l c h a n n e l t r o n   t h r e s h o l d l t h r e s h o l d  k a l u e  i n  I 
I "-I"- L I I I b i   n a r y  I u 

""""" 1 2 - 6 l c h a n n e l t r o n   o u t p u t   1 1 0 - 1 2   t o  10"' 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  DDS B y t e  2 

""""". """"""""""""-"" -TS"""-8""""--- 
I l - 6 l t a r g e t   p u l s e   a m p l i -   1 1 0   t o   1 0 -  I 

I I I f  i e r   o u t p u t  I C o u l o m b s  I 
I "- ~ 7 - b ~ e l e c t r o n   p u l s e   l t h r e s h o l d   v a l u e   i n  I 

""I "" L I ! t h r e s h o l d  I b i n a r y  I u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  DDS B y t e  3 

"""""* I l - 6 l e n t r a n c e   g r i d   t o   1 0  
""""""""""""""- -T5"""- -TT""""" 

C b ( n e g . 1  I 
I I l a m p l i t u d e   o u t p u t  1 1 0 - 1 5  1 1 0   t o   C b ( p o s . )  I 
I I I I I 
I " -  1 7 - 8 l p r i m a r y   p u l s e   l t h r e s h o l d   v a l u e   i n  I 

""I "" L I l t h r e s h o l d  I b i   n a r y  I u 
1 1 1 2 1 3 ~ 4 1 5 1 6 ~ 7 ~ 8 1  D D S  B y t e  4 

"""""" 

I 
I 
I I 
I I 
I I 
I I 
I I 
I I 

"" 

"-I"- - I -  

I l - 5 l e n t r a n c e   g r i d - t a r g e t  1 1  t o   4 0 0   m i c r o s e c o n d s  I 
I I f l i g h t t i m e  I I 
1 6 - 8 1 e v e n t   d e f i n i t i o n  l O O O = a n y   c h a n n e l  I 

""""""""""""""""""""""""-- 

I I  I o o l = a c ,  a i  I 
I I  I O i o = a c ,  ae  I 
I I  I O l l = a c  I 
I I  I l o o r a i ,  a e  I 
I I  I l o l = a i  I 
I I  I l l o = a e  I 
I I 1  1 I = n / a  I 

u 
~ 1 ~ 2 1 3 1 4 ~ 5 1 6 l 7 1 8 ~  DDS B y t e  5 

......................... """"""_ I l - 4 1 t a r q e t   p u l s e   r i s e t i m e 1 1 0  t o  100  m i c r o s e c o n d s  I 
I - - - - -  I 5 - 8 l i o n   g r i d   p u l s e  110  t o   1 0 0   m i c r o s e c o n d s  I 

"I" " I "  I l r i s e t i m e  I I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  DDS B y t e  6 
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T a b l e   A 2 . 5 . 2  DDS S c i e n c e ' D a t a  (MSB i s   b i t  1 )  

B i t ( s )  M e a s u r e m e n t   F o n t e n t s  
......................... """"""_ I l - 4 l t a r g e t - i o n   g r i d  1 1  t o  5 0  m i c r o s e c o n d s  I 

I I I f l i g h t t i m e  I I 
I """" I 5 I t a r g e t - i o n   g r i d   l O = n o   c o i n c i d e n c e  I 
I I I l c o i n c i d e n c e   I l r c o i n c i d e n c e  I 
I I """ I 6 l i o n   g r i d - c h a n n e l t r o n   I O = n o   c o i n c i d e n c e  I 
I I I  I l c o i n c i d c n c e   l l = c o i n c i d e n c e  I 
I I I - - -  1 7 - 8 l e v e n t   c l a s s   n u m b e r   l c l a s s   n u m b e r   i n   b i n a r y  I 

w 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  DDS B y t e  7 

""""""- I l - 4 l m e a s u r e m e n t   o f   l b i n a r y   n u m b e r  I 
I I ( e n t r a n c e   g r i d   n o i s e  I I 
I I I D u l s e s   d e t e c t e d  I I 
I ""- 1 5 - 8 l t a r g e t   n o i s e   p u l s e s  ( b i n a r y   n u m b e r  I 

"I" "I" I l d e t e c t e d  I I 

""""""""""""""""""""""""-- - 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  D D S  B y t e  8 

......................... """"""_ I l - 4 1 i o n   g r i d   n o i s e   p u l s e s l b i n a r y   n u m b e r  I 
I I l d e t e c t e d  I I 
I ""_ 1 5 - 8 l c h a n n e l t r o n   n o i s e   l b i n a r y   n u m b e r  I 

"I"  "I" I I D u l s e s   d e t e c t e d  I I w 
~ 1 1 2 1 3 1 4 1 5 i 6 1 7 l 8 ~  DDS B y t e  9 

......................... """"_ I l - 8 l c l a s s   c o u n t e r  0 l b i n a r y   c o u n t  I 
"""I """ - 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  DDS B y t e   1 0  

""""_ ......................... 

( l - 8 l c l a s s   c o u n t e r  1 l b i n a r y   c o u n t  I - """I """ 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  DOS B y t e  1 1  """"_ 1 1 - 8 l c l a s s   c o u n t e r  2 l b i n a r v   c o u n t  I """""""""""""""""""""""~"- 
"""I """ 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  DDS B y t e   1 2  

""""_ """"""""""""""""""""""~""- 
( l - 8 i c l a s s   c o u n t e r  3 l b i n a r v   c o u n t  I - """I """ 

~ 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 ~  DDS B y t e   1 3  
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T a b l e  A 2 . 5 . 2  DDS S c i e n c e   D a t a  (MSB i s   b i t  1 )  

B i t ( s )  M e a s u r e m e n t   C o n t e n t s  

"""I """ 

I ~ - ~ I S / C  t ime  o f   e v e n t  1 4  LSB o f  R I M  I 
1 5 - 8 1 S / C  t ime  o f   e v e n t   ( b i t s  2 t h r o u g h  5 o f  I 

""""""""_"""""""""""""""~" 
I I I M O D  91 c o u n t  I 

DDS B y t e  1 4  

I l - 8 l s e c t o r   d a t a  
......................... 

( 8  MSB o f  sum o f   s p i n  1 
I I  l p o s i t i o n   a n g l e  a n d   s p i n  I 
I I l m o t i o n   d e l t a  I 

DDS B y t e  1 5  

Mode 3 i s  t h e  i n s t r u m e n t  s e t  p o i n t .   I n   t h e   s e t   p o i n t   m o d e ,  t w o  
p a c k e t s   o f  DDS d a t a  w i l l  c o n t a i n  s e t  p o i n t   d a t a .   T h e   f i r s t   p a c k e t  o f  
d a t a  i s  i d e n t i f i e d   b y   b y t e  16 a s  b e i n g  s e t  p o i n t s  1 .  T h i s  p a c k e t  
w i l l   c o n t a i n  15 b y t e s   o f  s e t  p o i n t   d a t a ,  a s  i d e n t i f i e d   i n   T a b l e  
A 2 . 5 . 3 .  The n e x t  DDS p a c k e t   w i l l   b e   i d e n t i f i e d   b y   b y t e  16  a s   b e i n g  
s e t  p o i n t s  2 ,  a n d   w i l l   c o n t a i n  5 b y t e s  o f  s e t  p o i n t   d a t a   a n d  1 0  b y t e s  
o f  random f i l l   d a t a .  

T a b l e  A 2 . 5 . 3  DDS I n s t r u m e n t   S e t   P o i n t   D a t a  

B i t t s )   M e a s u r e m e n t   C o n t e n t s  

""""_ ......................... 

I 1 - 6 l l T  t h r e s h o l d ,  Lou 10 t o  2 5 5 ,  c o m m a n d a b l e  I 
I l e v e l  I I """I """ I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  DDS s e t  p o i n t s  1 B y t e  1 """"_ ......................... 

I l - 8 1 l T  t h r e s h o l d ,   h i g h  10 t o  2 5 5 ,  c o m m a n d a b l e  I 
I L e v e l  I I """I """ I 

""""_ 
"""I """ 

""""_ 
""" I """ 

DDS s e t  p o i n t s  1 B y t e  2 

l l - 8 1 E T  t h r e s h o l d ,   l o w  10 t o  2 5 5 ,  c o m m e n d a b l e  I 
......................... 

I I l e v e l  I I 

DDS s e t  p o i n t s  1 B y t e  3 

l l - 8 1 E T  t h r e s h o l d ,   h i g h  10 t o  2 5 5 ,  c o m m a n d a b l e  I 
......................... 

I I l e v e l  I I 
DDS s e t  p o i n t s  1 B y t e  4 

l l - 8 1 E l T  t h r e s h o l d ,   l o w  10 t o  2 5 5 ,  c o m m a n d a b l e  I 
......................... 

I I t e v e 1  1 I 

DDS s e t  p o i n t s  1 B y t e  5 
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T a b l e   A 2 . 5 . 3  DDS I n s t r u m e n t  S e t  P o i n t   D a t a  

B i t ( s )  M e a s u r e m e n t   C o n t e n t s  

""""_ 
"""I""" 

""""- 
"""I """ 

""""_ 
"""I """ 

""""_ 
"""I""" 

""."" 
"""I """ 

""""_ 
"""I""" 

""."" 
"""I """ 

""""_ 
"""I """ 

l l - 8 1 E I T   t h r e s h o l d ,  h i g h  I D  t o   2 5 5 ,   c o m m a n d a b l e  I 
"""""""""""""""""---------------- 

I I l e v e l  I I 
D D S  s e t  p o i n t s  1 B y t e  6 

I 1 - 6 I S E C   t h r e s h o l d ,  Lou 10 t o   2 5 5 ,   c o m m a n d a b l e  I 
......................... 

I I l e v e l  I I 

D D S  s e t  p o i n t s  1 B y t e  7 

I l - B I S E C   t h r e s h o l d ,   h i g h  10 t o  2 5 5 ,   c o m m a n d a b l e  I 
......................... 

I I l e v e l  I I 

DDS s e t  p o i n t s  1 B y t e  6 

l l - 8 1 I N   t h r e s h o l d ,  h i g h  10 t o  2 5 5 ,   c o m m a n d a b l e  I 
......................... 

I I l e v e l  I I 
D D S  s e t  p o i n t s  1 B y t e  9 

I 1 - 6 l C N  t h r e s h o l d ,   h i g h  10 t o   2 5 5 ,   c o m m a n d a b l e  I 
......................... 

I I l e v e l  I I 

DDS s e t  p o i n t s  1 B y t e   1 0  

I l - 8 l E N   t h r e s h o l d ,   h i g h  10 t o  2 5 5 ,   c o m m a n d a b l e  I 
......................... 

I I l e v e l  I I 
DDS s e t  p o i n t s  1 B y t e  1 1  

l l - 8 1 P N  t h r e s h o l d ,   h i g h  10 t o   2 5 5 ,   c o m m a n d a b l e  I 
......................... 

I I l e v e l  I I 

DDS s e t  p o i n t s  1 B y t e   1 2  

1 1 - 8 1 P A  t h r e s h o l d ,  low 10 t o  2 5 5 ,   c o m m a n d a b l e  I 
......................... 

I I l e v e l  I I 

DDS s e t  p o i n t s  1 B y t e   1 3  

1 1 - 8 1 E A  t h r e s h o l d ,  Low 10 t o  2 5 5 ,   c o m m e n d a b l e  I 
......................... 

I I l e v e l  I I 

DDS set  p o i n t s  1 B y t e   1 4  
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T a b l e  A 2 . 5 . 3  DDS I n s t r u m e n t  S e t  P o i n t   D a t a  

e 

B i t t s )   M e a s u r e m e n t   C o n t e n t s  
......................... """"_ I 1 - 8 l C A  t h r e s h o l d ,  Low 10 t o  2 5 5 ,  c o m m a n d a b l e  1 

"""I """ I I L e v e l  I I 
u 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  DDS s e t  p o i n t s  1 B y t e  1 5  
......................... """"_ l l - 8 1 I A  t h r e s h o l d ,   l o w  10 t o  2 5 5 ,  c o m m a n d a b l e  I 

"""I """ I I L e v e l  I I - 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  DDS s e t   p o i n t s  2 B y t e  1 

......................... """"_ ( 1 - 8 I H V C  t h r e s h o l d ,   l o w  10 t o  2 5 5 ,  c o m m a n d a b l e  I 
"""I """ I I l e v e l  I I 
w 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  DDS s e t  p o i n t s  2 B y t e  2 
.......................... """"_ I1-8ICUR t h r e s h o l d ,   h i g h  10 t o  2 5 5 ,  c o m m a n d a b l e  I 

"""I """ I I l e v e l  I I 
u 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  DDS , s e t  p o i n t s  2 B y t e  3 

""""- I l - 8 j s ~ a r e  I I ......................... 

"""I """ 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  DDS s e t  p o i n t s  2 B y t e  4 

""""_ 1 1 - 8 l s D a r e  I I ......................... 

""" I """ - 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  DOS s e t  p o i n t s  2 B y t e  5 

A 2 . 5 . 4  O i q i t a l   S t a t u s   a n d   A n a l o g   E n a i n e e r i n s .  The c o n t e n t  o f  the  D i g i t a l  
S t a t u s   a n d   A n a l o g   E n g i n e e r i n g   s e c t i o n  i s  s h o w n   i n   T a b l e  A 2 . 5 . 4 .  
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T a b l e   A 2 . 5 . 4   D i g i t a l   S t a t u s  & A n a l o g   E n g i n e e r i n g  (MSB i s   b i t  1 )  

B i t t s )   M e a s u r e m e n t   C o n t e n t s  

""""""" I l - 3 l d a t a   f r a m e   n u m b e r  
"""""""~"""""""""""""""""- 

I I I  
I I I  1 0 1 0 = s e t   p o i n t s  1 I 
I I I  JO11=set p o i n t s  2 I 
I I I  l l D O = a u t o  t e s t  p u l s e  1 
I I I  I l O l = c m d c d  t e s t  p u l s e  I 
I I I  I l l o = m c m o r y   c o n t e n t  I 
I I I l l l = s D a r e  I 
I """"" I 4 / m o d e  1 : S / C  s e c t o r  I O s s e c t o r   d a t a   n o t   v a l i d  I 
I I  I ) d a t a   v a l i d   f l a g  l l s s e c t o r   d e t a   v a l i d  I 
I I  I l m o d e s  2 & 3 : s ~ a r c  I I 
1 1  """" I 5 l m o d e   1 : t r a n s m i t  l O = d a t a   n o t   t r a n s m i t t e d  I 
I I 1  I I s t a t u s   . / p r e v i o u s l y  I 
I I I  I ( m o d e s  2 8 3 : s p a r e   I l = d a t a   t r a n s m i t t e d  I 
I I I  I I I D r e v i o u s l v  I 
I I I  
I I I  I I I  ( 0 - 7  I 

u 

l O O O = A  r a n g e  s c i e n c e  d a t a l  
l O O l = E  r a n g e  s c i e n c e  d a t a l  

"" 1 6 - 8 1 m o d e  1 : E  r a n g e   s t a t u s l E   r a n g e   s c i e n c e   d a t a  I 

- 1 -  I I - 1 -  I l m o d e s  2 8 3 : s ~ a r e s  I I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  DDS B y t e   1 6  

""""_ I l - 8 l c o m p u t e r   s t a t u s  
......................... 

( C P U  s t a t u s  ( C P U  a n d  I 
"""I """ I 1 lmemorv c h e c k )  I 

""""_ 
"""I""" 

""""_ 
"""I""" 

""""_ 
"""I """ 

""""_ 
"""I """ 

DDS B y t e   1 7  

1 1 - 8 l e x D e r i m e n t   c u r r e n t   1 1 5   t o   1 0 0   m a .  
......................... 

I 

DDS B y t e   1 8  

l l - 8 1 H K   c h a n n e l t r o n   h i g h  10 t o   2 5 0 0   v o l t s  I 
I l v o l t a s e  I I 
......................... 

DDS B y t e  19 

l l - 8 ) H K  s e n s o r   i o n   g r i d  10 t o   - 5 1 2   v o l t s  
I i h i e h  v o l t a a e  I I 

......................... 

I 

DDS B y t e   2 0  

1 1 - 8 1 H K   * 1 0   v o l t s   d i q i t a l  10 t o   1 5 . 3 6   v o l t s  I 
......................... 

ODs B y t e   2 1  
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T a b l e   A 2 . 5 . 6   D i g i t a l   S t a t u s  L A n a l o g   E n g i n e e r i n g  ( U S 0  i s  b i t  1 )  

B i  t ( s )  M e a s u r e m e n t   C o n t e n t s  

""""* 1 1 - 8 1 ~ ~   + 7 . 5   v o l t s   a n r l o s  I O  t o  I O  v o l t s  
"""""""""_""""""""""""""~" 

I 
"""I""" 

""."" ......................... 

j l - 8 l H K   - 7 . 5   v o l t s   a n a l o g  10 t o  - 1 0  v o l t s  I 
"""I""" - 

j l t 2 1 3 1 4 1 5 t 6 t 7 1 8 1  DDS B y t e   2 3  
......................... 

"""". I l - a l H K   m a i n   e l e c t r o n i c s  ( - 3 0  d e g r e e s  C t o  8 0  I 
"""I """ I I t e m o e r a t u r e  [ d e g r e e s  C I - 

l l 1 2 1 3 1 6 1 5 1 6 1 7 1 8 l  D D S  B y t e  2 6  

"""". ......................... 

1 1 - 8 ) c o m m u t a t e d   p a r i t y  l s e e  b y t e   2 6 ,   b i t s   7 - 8  I 
I I l e r r o r ,   c m d s   a c c ,  o r  1 I 

_ _ _ _ _ _ I  _ _ _ _ _ _  I lcmd I I - 
1 1 1 2 1 3 1 6 1 5 1 6 1 7 1 8 1  D D S  B y t e  2 5  

""""""""""""""""""""""""" """""_ I l - 6 l s v n c h r o n i z a t i o n   w o r d  I 1 0 1 0 1 0  ( b i n a r y )  I 
I - - -  I f - d ( a d d - H K  l d e t e r m i n e s   w h e t h e r   b y t e  I 
I I I t  1 2 5   c o n t a i n s  a p a r i t y  I 
I I I I  ] e r r o r   c o u n t ,   c o m m a n d s  I 
I I 1 1  l a c c e p t e d ,  o r  commands I 
I I I 1  I r e j e c t e d .  I 
I I I I  l o o x p a r i t y  e r r o r  c o u n t  I 
I I I I  l O l = c m d s   a c c e p t e d   c o u n t  I 
I I I 1  I l O - c m d s   r e j e c t e d   c o u n t  I 

" 

""I "" I I I 1  1 = s p a r e  I 
w 

1 1 ~ 2 1 3 ~ 6 1 5 1 6 1 7 ~ 8 1  D D S  B y t e   2 6  

A 2 . 5 . 5  T e l e m e t r y  nadc C h a n g e s .   U p o n   t h e   a p p l i c a t i o n  o f  s y s t e m   p o w e r ,  ODs 
s h a l l   g e n e r a t e   v a l i d   h o u s e k e e p i n g   d a t a ,   b u t   t h e   s c i e n c e   d a t a   s h a l l  
n o t   b e   v a l i d .  
C o m m e n d e d   t e l e m e t r y   m o d e   c h a n g e s   s h a l l  be  p r o c e s s e d   e v e r y  R I M .  
T e l e m e t r y   m o d e   c h a n g e s   s h a l l   o c c u r   o n  R I M  c h a n g e s .  
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A2.6 ENERGETIC PARTICLE DETECTOR SUBSYSTEM TELEMETRY 

This  paragraph  describes  the  format and content of t h e  EPD output. 

A2.6.1 EPD Packet. The schematic of th i s   packet  i s  shown in  Figure  A2.6.1.  
One EPD packet i s  inserted  in   each LRS Frame. 

T i t l e  

Data Of f se t  

Bi ts lpacket  

Description 

Analog 
House- 
keeping 

0 

8 

A2.6.3 

D i g i t a l  
s t a t u s  

8 

64 

A2.6.4 

CMS PHA/ 
LEMMS PHA 
Data 

72 

96 

A2.6.5 

LEMMS 
PHA 
Data 

168 

40 

A.2 .6 .6  

Rate 
Channel 
Data 

208 

400 

A2.6.7 

Figure  A2.6.1 EPD Packet 

A2.6.1  Instrument  Svnchronicity.  Within  the EPD packet  there w i l l  e x i s t  
one major  synchronism r e l a t i v e  t o  t h e  SCLK. The EPD 
Synchronization  Index i s  equal to  t h e  SCLK  Mod 9 1  count. 

A2.6.3 Analoa  HousekeeDinq. The Analog  Housekeeping sec t ion  is  one  byte 
of subcommutated data.  The contents   of  t h e  subcommutated 
pos i t ions   are  shown i n  Table  A2.6.1 

Table  A2.6.1 Subcommutated Analog  Housekeeping ( b i t  1 i s  MSB) 

B i t  I s 1 Measurement Contents 

""""- 11-8 sDare I I 

EPD Subcommutated Housekeeping S .  I. =O 

I 1 I 2 I 3 I 4 I 5 6 I 7 8 I EPD Subcommutated Housekeeping S .  I. =1 

--------- )l-8lmotor  housina t e m D .  I I 
I - I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I EPD Subcommutated Housekeeping S .  I. =2 
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Table A2.6.1  Subcommutated  Analog  Housekeeping ( b i t  1 i s  MSB) 

B i t t s )  Measurement Contents  

"""""""""" s c a n   e r r o r  

O=normal emergency  count f l a g  

O=normal f a s t   s c a n   a b o r t  f lag 

O=no e r r o r  detected 
1-er ror  detected 

l= fas t  scan   abor ted  

l=means S . I . = 3 ,  b i t s  
4-8 are now an  emergency 
count number MOD 32 

m o t o r   d i r e c t i o n  Otcounter clockwise 
i n d i c a t o r  l=clockwise 
moto r   cen te r l ine  O=motor no t  on cen te r -  
i n d i c a t o r  1 i n e  

motor DOSitiOn code s e c t o r  0-7 
l=motor on c e n t e r l i n e  

""""""""" 

3 

4 - 
5 I 

""""""" 

"""""" 

- 6-8 

EPD Subcommutated  Housekeeping S . I . = 3  

emergency mode 
i n d i c a t o r  

D=normal 
i=emergency mode (motor 
moves one step p e r  
t r i g g e r   i n s t e a d  of one 
sector D e r  t r imer) 

)=closed  loop 
L=open loop 
)=normal  scan 
l=modified  scan 

)=normal  scan 
l=limited scan  
3=nortmal 
l=f  a s t  scan  
3=norma1 
l=go t o  sector N ,  where 

N is va lue  of S . I . 4 ,  
b i t s  6-8 

O=normal 
l=stop scanning after N 
t r i g g e r s ,  where N is 
va lue  i f  S . I . 1 4 ,  b i t s  
6-8 

3 b i t  b ina rv  number 

"""""""""" 

>pen loop mode 
i n d i c a t o r  
- in   c losed   loop  mode: 
modified  scan 

"""""""" 

-in  open  loop mode: 

f a s t  s c a n   i n d i c a t o r  
l imited scan 

""""""" 

-in  closed loop mode: 
go t o  s e c t o r  N 

"""""" 

-in  open  loop mode: 
s t o p   s c a n n i n g   a f t e r  
N triggers 

"""" 

$PI) Subconmutated  Housekeeping S.I .=4  
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Table  A2.6.1 Subcommutated Analog  Housekeeping ( b i t  1 is  MSB) 

B i t  ( s 1. Measurement Contents 

"""""""""" 

I 
"""""""" 

"""""" 

- 
1 

- 
2-4 - 

5 

6-8 - 

a l t e r n a t e   s t e p   r a t e  
l l a l t e r n a t e   s t e p  rate mode 
O=normal ( 5 0  s t e p s / s e c . )  

sector number CCW end-sector ( N / A  
i n  oDen-loor, mode 
chicken mode ( N / A  Ornormal 
oDen-loor,  mode) l=chicken mode 
CW end-sector ( N / A  i n  sector number 
open-loor, mode) 

160 stepslsec.) 

EPD Subcommutated Housekeeping  S.I .=5 

""""""" index  binary number i d e n t i f i e s  I 
S . I . = 7  c o n t e n t s  

EPD Subcommutated Housekeeping  S.I .16 

""""""" 

I 
I I 

""""""- 
I 

I I 

I 
"""""""""_ 

I 
"""""" 

""" 

1-8 0 t o  5 . 1  v o l t s   a u t o c a l i b r a t o r  AGC 
v o l t a a e  Arl I 

EPD Subcommutated Housekeeping  S.I.=7 

1-8 0 to  2 5 5  binary number of i n v a l i d  
motor commands I 

EPD Subcommutated Housekeeping  S.I.=8 

1-2 
0 to  31 binary ster, count 3-7 

sDare 

8 O=normal cease scan  flag 
l=cease   s can  

EPD Subcommutated Housekeeping  S.I.=9 

""""""_ 11-8 I LEMMS telescoDe temr,. I 
1 

I 

I!I2!3!4!5!6!7!8LI EPD Subcommutated Housekeeping S .I .= lO 
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Table A 2 . 6 . 1  Subcommutated  Analog  Housekeeping ( b i t  1 is MSB) 

B i t  ( s l  Measurement Contents  

""""""- 
I 

L 
I !  1-8 number of i n v a l i d  0 t o  255 b ina ry  

bus commands 

/ ! ! 2 ! 3 ! 4 ! 5 ! 6 ! 7 ! 8 1  EPD Subcommutated  Housekeeping S . I . = 1 1  . 

""""""_ 
I 

index b ina ry  number i d e n t i f i e s  

I I 
S . I . = 1 3  con ten t s  

1 1 ! 2 / 3 1 4 ! 5 1 6 ! 7 ! 8 1  EPD Subcommutated  Housekeeping S . I . = 1 2  

I 
""""""_ 1-8 a u t o c a l i b r a t o r  AGC 0 t o  5 . 1  v o l t s  1-1 v o l t a a e  #2 

] ! ! 2 ! 3 1 4 l 5 ! 6 ! 7 ! k l  EPD Subcommutated  Housekeeping S . I . = 1 3  

""""""_ 
I 

I I 

1-8 8 M S B ' s  of memory  dump MSB memory  dump 
cu r so r  address I 
" 

) i ! 2 ! 3 ! 4 ! 5 ! 6 ! 7 ! 8 1  EPD Subcommutated  Housekeeping S . I . = 1 4  

""""""" 

I I !  1-8 motor d w e l l  pe r iod  motor dwell p e r i o d   i n  

I 
u n i t s  of 1 . 3 3 3  sec. 

I 
1:!21314!51617!81 EPD Subcommutated  Housekeeping S . I . = 1 5  

+ 

""""""" 11-8 I C M S  te lescoDe temp. I I 
I 

I I 

""""""" 

EPD Subcommutated  Housekeeping S.I .=16 

1-8 0 t o  255 b ina ry  number of euperv isory  
b u s   p a r i t y  errors 
de tec t ed  

EPD Subcommutated  Housekeeping S . I . = 1 7  

""""""" 

I 
1-8 a u t o c a l i b r a t o r   i n d e x  b ina ry  number i d e n t i f i e s  I I t 3  S .I .=19 c o n t e n t s  I 

I 
EPD Subcommutated  Housekeeping S.I .=18 
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Table A2 .6 .1  Subcommutated Analog  Housekeeping ( b i t  1 is MSB) 

B i t f a )  Measurement Contents 

I 
I I 

""""""* 

I 
I I 

""""""- 
I 

I 
I 

""""""- 
I 

I I 

1-8 0 t o  5 . 1  v o l t s  autocal ibrator  AGC 

- voltaae #3 I 
EPD Subcommutated Housekeeping S . I . = 1 9  

1-8 8 M S B ' s  of upper memory MSB upper memory 
checksum l i m i t  checksum l i m i t  

EPD Subcommutated Housekeeping S . I . = 2 0  

1-8 LSB upper memory 8 L S B ' s  of upper memory 
checksum limit checksum l i m i t  

EPD Subcornmutated Housekeeping S . I . = 2 1  

l-8lmain elect. temp. 1 I 

EPD Subcommutated Housekeeping S . I . = 2 2  

""""""- I 
I 

1 1-8 memorv checksum I 
I 

I 
I 

1 : !2!3!4!5!6!7!8c /  EPD Subcommutated Housekeeping S . I . = 2 3  

""""""- 
I 1 

1 
1-8 autocal ibrator  index binary number i d e n t i f i e s  I ! # 4   S . I . = 2 5  contents  

1 1 1 2 1 3 ! 4 / 5 ! 6 ! 7 ! 8 1  EPD Subcommutated Houaekeeping S . I . = 2 4  

I 
"""-""" 1-8 0 t o  5 . 1  volts autocal ibrator  AGC I _  v o l t a a e  # 4 

I 
/ ! ! 2 ! 3 ! 4 ( 5 ! 6 ! 7 ( 8 1  EPD Subcommutated Housekeeping S . I . = 2 5  

""""""- 
I I !  1-8 MSB lower memory 8 MSB's of lower memory 

checksum limit checksum limit 
1 

1!12!31415!6!7!81 EPD Subcommutated Housekeeping S .I .=26 
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Table A 2 . 6 . 1  Subcommutated  Analog  Housekeeping ( b i t  1 is  MSB) 

B i t  Is Measurement  Contents 

I !  1-8 LSB lower memory 8 L s B ' s  of lower memory 
checksum limit checksum limit 

""""""- 

EPD Subcommutated  Housekeeping S . I . = 2 7  . 

I 1-8 I EPD i n o u t   c u r r e n t  1 "-""""" 

EPD Subcommutated  Housekeeping S . I . = 2 8  

1-8 0 t o  255 b i n a r y  number o f   s u p e r v i s o r y  
b u s   p a r i t y  errors 
d e t e c t e d   d u r i n g  EPD 
b u s   t r a n s a c t i o n  - 

""""""- 

EPD Subcommutated  Housekeeping S . I . = 2 9  

i ndex  b i n a r y  number i d e n t i f i e s  
S . I . = 3 1  c o n t e n t s  I """"""- 

I 

( i121314151617l8c)  EPD Subcommutated  Housekeeping S . I . = 3 0  

a u t o c a l i b r a t o r  AGC 
v o l t a a e  X 5 

0 t o  5 . 1  vol t s  """"""- 

EPD Subcommutated  Housekeeping S . I . = 3 1  

""""""- 
I 

I I 
EPD Subcommutated  Housekeeping S.1 .=32  

""""""_ 
EPD Subcommutated  Housekeeping S . I . = 3 3  

11-81 +60 v o l t s   b i a s  I I """"""_ 
I 

I I 
EPD Subcommutated  Housekeeping S.I.==34 
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"""""""""" 

""""""""" 

I 
"""""""" 

""""""" 

""""""- 
I 

I I 

""""""_ 
I 

I I 

GLL-3-280, Rev. D 

1 Subcommutated Analog  Housekeeping ( b i t  1 i s  MSB) 

B i t  I s Measurement Contents 

1 

power s w i t c h   s t a t u s  8 

power s w i t c h   s t a t u s  7 

power s w i t c h   s t a t u s  6 

power s w i t c h   s t a t u s  5 

power s w i t c h   s t a t u s  4 

power s w i t c h   s t a t u s  3 

p o w e r  s w i t c h   s t a t u s  2 

p o w e r  s w i t c h   s t a t u s  
b v t e  #l 

b y t e  X 1  

b v t e  #l 

b v t e  #l 

b v t e  #l 

b v t e  #l 

b v t e  X 1  

b v t e  #l 

O=LEMMS amp 8 ( E 2 )  off 
1ZLEMMS 8 I E 2 )  on 
O=LEMMS amp 7 ( D )  o f f  
l=LEMMS amD 7 ( D \  on 
O=LEMMS amp 6 ( C )  o f f  
l=LEMMS amD 6 I C )  on 
O=LEMMS amp 5 ( E l )  o f f  
l=LEMMS amp 5 ( E l )  on 
O=LEMMS amp 4 ( A )  o f f  
l=LEMMS amp 4 I A )  on 
O=LEMMS amp 3 ( F 2 )  o f f  
1-LEMMS amp 3 (F2)   on 
O=LEMMS amp 2 ( F l )  o f f  
l=LEMMS amp 2 ( F 1 )  on 
0-LEMMS amp 1 ( B )  o f f  
l=LEMMS amp 1 ( B )  on 

EPD Subcommutated Housekeeping S . I . = 3 5  

1-8 autoca l ibrator   index  
-u 

binary number i d e n t i f i e s  
S . I . = 3 7  c o n t e n t s  

EPD Subcommutated Housekeeping S . I . = 3 6  

1-8 autoca l ibrator   index  
- v o l t a a e  #6 

0 t o  5 . 1  v o l t s  I 
EPD Subcommutated Housekeeping S . I . = 3 7  

""""""- I 
I 

11-8 I m a r e  I 

1;1213!4!516/7!8cl EPD Subcomutated  Housekeeping S . I . = 3 8  

I 
I 
""""""_ 11-8 I mare I 

1!!213!4!5!6!7! tkl  EPD Subcommutated Housekeeping S . I . = 3 9  
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Table A2.6 .1  Subcommutated Analog  Housekeeping ( b i t  1 i s  M S B )  

B i t l s )  Measurement Contents 

I 
""""" I l-B!Loa amp. t emwrature  I -171 to  69 dea. C I 

I I 

""""""""_ ""-""""" 

i t 2 

I 
""""""_ 

"""""_ 

EPD Subcommutated Housekeeping S . I . = 4 0  

l=LEMMS A d e t e c t o r   b i a s  

EPD Subcommutated Housekeeping S . I . = 4 1  

I I 
""""" 1-8 autocal ibrator   index  b inary  number i d e n t i f i e s  

t 7  S . I . = 4 3  contents  
I 

""""" 

I 
I I 

""""" 

EPD Subcommutated Housekeeping S . I . = 4 2  

1-8 0 to 5 . 1  v o l t s  a u t o c a l i b r a t o r  AGC 
v o l t a a e  t 7  I 

EPD Subcommutated Housekeeping S . I . = 4 3  

1-8 I soare  I I 

EPD Subcommutated Housekeeping S . I . = 4 4  

""""" 11-8 I mare I 
I 

I 
I 

1i121314151617181 EPD Subcommutated Housekeeping S . I .=45  

""""" 1 

I 
I 

11-81-15 Volts Dowet  I 
1 

I i I 2 I 3 I 4 I 5 I 6 I 7 I 8 I EPD Subcommutated Housekeeping S .  I .  =46 
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T a b l e  A 2 . 6 . 1  Subcommutated  Analog  Housekeeping ( b i t  1, is MSB) 

B i t  ( s  L Measurement  Contents 

"""""""""" 

""""""""" 

i 

I 
"""""""" 

""""""" 

I J-4 i 

"""""" 

""""" 

I """" 

power s w i t c h  s t a t u s  
l=LEMMS -10 V D o w e r  on byte X3 
O=LEMMS -10 V power off 

O=motor o f f  p o w e r  s w i t c h   s t a t u s  
b v t e  f 3  l=motor on 
power s w i t c h  s t a t u s  O=motor RAM n o r m a l ,  
bvte f 3  l=motor RAM exchanaed 
power s w i t c h  s t a t u s  O=motor c o n t r o l l e r   i n  
b y t e  X3 normal mode 

l=motor c o n t r o l l e r   i n  
memorv load mode 

power swi tch  s t a t u s  O=motor c o n t r o l l e r  
b y t e  # 3  running  

l=motor c o n t r o l l e r  reset 
s p a r e  
power s w i t c h  s t a t u s  O=LEMMS E l l  t h r e s h .  norm 
b v t e  X3 l=LEMMS E l l  t h r e s h .  h i q h  
power swi tch  s t a t u s  O=LEMMS A 1  t h re sh .  norm. 
bvte X3 l=LEMMS A I  t h r e s h .   h i a h  

MI EPD Subcommutated  Housekeeping S . I . = 4 7  

""""""_ i n d e x   b i n a r y  number i d e n t i f i e s  
S . I . = 4 9  c o n t e n t s  

EPD Subcommutated  Housekeeping S. I .148  

""""""_ 
I I !  1-8 a u t o c a l i b r a t o r  AGC 0 t o  5 . 1  v o l t s  

I 
v o l t a a e  #8 

I 
( 1 ! 2 ! 3 ! 4 ! 5 1 6 ! 7 ! 8 (  EPD Subcommutated  Housekeeping S. I .=49  

""""""_ 
I I !  1-8 upper  alarm threshold  

€or EPD i n p u t   c u r r e n t  I 
I f / 2 ! 3 ! 4 ! 5 ! 6 ! 7 ! ; 1  EPD Subcommutated  Housekeeping S . I . = 5 0  

""""""_ I 1-8 I lower alarm t h r e s h o l d  I I 
I I I for  EPD i n p u t   c u r r e n t  I I 

1 ; 1 2 ! 3 ! 4 1 5 ! 6 ! 7 ! k l  EPD Subcommutated  Housekeeping S . I . 1 5 1  

""""""_ I 1 - 8 l + l O  v o l t s  D o w e r  1 
I I 

1 i 1 2 ! 3 ! 4 ! 5 ! 6 ! 7 ! l ! 1  EPD Subcommutated  Housekeeping S.I .=52 

2 7 4  
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T a b l e   A 2 . 6 . 1   S u b c o m m u t a t e d   A n a l o g   H o u s e k e e p i n g   ( b i t  1 i s  M S 8 )  

B i t C s )   M e a s u r e m e n t   C o n t e n t s  
/""""""""""""""""""""""""" \ 

1 
"""""""""" I 1 l p o u e r   s w i t c h   s t a t u s  ] O = T O F  l o g i c a l   c o n d i t , i o n  I 

I I I  l l = T O F   l o g i c a l   c o n d i t i o n  I 
I I I I o f f   ( T O V R = l I  I I """"""""" I 2 l p o w e r   s w i t c h   s t a t u s  I O = V I T O  e n a b l e  I 
I I  I ( b y t e  # 4  I l = V ! T O   o v e r r i d e  I I I """""""" I 3 ( p o w e r   s w i t c h   s t a t u s  l O = J A O O  o f f  I 
I l l  I l b v t e  # 4  I ~ = J A O O  o n  I I I I """"""" I 4 l p o w e r   s w i t c h   s t a t u s  lO=CMS a n a l o g  L o f f  I 
I I I I  I l b y t e  # 4  I1=cns a n a l o g  L o n  I I I I I """""" I 5 l p o w e r   s w i t c h   s t a t u s  lO=CMS a n a l o g   J c   o f f  I .  
I I I I I  I l b v t e  # 4  I l = C M S  a n a l o g  J c  o n  I I I I I I """"" I ( p o w e r   s w i t c h   s t a t u s  ( O = C M S  a n a l o g   J b   o f f  I 
I I I I I I  I l b v t e  # 4  I l=CMS a n a l . o g   J b   o n  I I I I I I I """" I 7 l p o u e r   s w i t c h   s t a t u s  l O = C M S  a n a l o g   J a  o f f  I 
I I I I I I I  I ] b y t e  # 4  I l=CMS  ana log   Ja   on  I 
I I I I I I I """ I 8 l p o u e r   s w i t c h   s t a t u s  lO=CMS p r i m e   s e l e c t   o f f  I 
I I I I I I I I  I l b v t e  # 4  Il=CMS  Drime s e l e c t   o n  I u 

I j b y t e  # 4 I o n  ( T O V R = O )  I 

1 1 1 2 1 3 1 6 1 5 1 6 1 7 1 8 1  E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . I . = 5 3  "~""""""""_""""""""""""""" """"""_ ~ 1 - 8 ~ a u t o c a l i b r a t o r   i n d e x   l b i n a r y   n u m b e r   i d e n t i f i e s ]  

"""I""" I I # 9 .  I s . I . = 5 5   c o n t e n t s  I - 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  E P D  S u b c o m m u t a t e d ,   H o u s e k e e p i n g  S . 1 . = 5 4  

""""_"" ......................... 

1 1 - 8 l a u t o c a l i b r a t o r  A C C  ( 0  t o  5 . 1   v o l t s  I 
"""I """ I l v o t t a q e  # 9  I I - 

1 1 ~ 2 1 3 ~ 4 1 5 ~ 6 ~ 7 ~ 8 1  E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g  S . 1 . = 5 5  """"""_ """""""_"""""""""""""""""- 
I l - 8 ) u p p e r   a l a r m   t h r e s h o l d 1  I 

"""I """ I l f o r  E P D  m o t o r  temD. 1 I w 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . l . = 5 6  

......................... """"_"" I l - 8 l l o u e r   a l a r m . t h r e s h o l d l  I 
"""I """ I ( f o r  E P D  m o t o r  temD. I I 

J I 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 )  E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . I . = 5 7  

""""""_ """_"""""""""""""""""""""~ 
( 1 - 8 1 + 6   v o l t s   D o w e r  I I 

"""I """ - 
( 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 )  E P D  S u b c o m m u t e t e d   H o u s e k e e p i n g   S . l . = 5 8  
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B i t t s )   M e a s u r e m e n t   C o n t e n t s  
............................... 

"""I""" I l - 8 l s D a r e  I I 

"""I """ 

"""I """ 

""""" 

I 
"""I """ 

I 
"""""_ 

"""I """ 

E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . I . = 5 9  
......................... 

1 - 8 l a u t o c a l i b r a t o r   i n d e x   I b i n a r y   n u m b e r   i d e n t i f i e s  
l # l O   I S . I . = 6 1   c o n t e n t s  

E P D  S u b c o m m u t a t c d   H o u s e k e e p i n g   S . l . = 6 O  

1 - 8 1 a u t o c a l i b r a t o r   i n d e x  I 0 t o   5 . 1   v o l t s  
......................... 

l v o t t a p e   # l o  I 

I 
. I  

E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . I . = 6 1  

1 - 8 l u p p e r  a l a r m  t h r e s h o l d 1  
l f o r  LEMMS t e l e s c o p e  I 
I t e m D e r a t u r e  I 

""""""""""""""""""""""-"" 
I 
I 
I 

E P D  S u b c o r n m u t a t e d   H o u s e k e e p i n g   S . l . = 6 2  
......................... 

l - 8 l l o w e r  a l a r m  t h r e s h o l d 1  
l f o r  LEMMS t e l e s c o p e  I 
I t e m D e r a t u r e  I 

I 
I 
I 

E P O  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . I . = 6 3  

""""" 

------------""""""""""""""""""" 
1 1 - 8 1 + 3   v o l t s  Dower I I 

"""I """ 

~ l l 2 l 3 ~ 4 ! 5 I 6 l 7 i 8 ~  E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . I . = 6 4  

""""" 

----"---""---""""""""""""""""" 
I 1 " l l s ~ a r e  I I 

I "" I 8 l l n t e r n a l   M o n i t o r  I O = D i s a b l e d  I 
"""_I """ I I " - l f t a t u s  I u 

I l = E n a b l e d  

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . I . = 6 5  

""""" 1 1 - 8 ) a u t o c a l i b r a t o r   i n d e x   l b i n a r y   n u m b e r   i d e n t i f i e s 1  

"""I """ I I # l l   I S . I . = 6 7   c o n t e n t s  I 

......................... 

"""I""" 

E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . 1 . 2 6 6  
......................... 

I l - 8 l a u t o c a l i b r a t o r  A G C  10 t o  5 . 1   v o l t s  I 
I l v o t t a a e  I I 

E P D  S u b c o m m u t a t c d   H o u s e k e e p i n g   S . I . = 6 7  
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B i t C s )   M e a s u r e m e n t   C o n t e n t s  

"""I """ 

"""I """ 

""""" 

"""I """ 

""""" 

"""I """ 

""""" 

"""I """ - 
"""I """ 

I 
"""I """ 

I 
"""I""" 

"""I ""- - 

( l - d ( u p p e r   a l a r m   t h r e s h o l d )  
I I f o r  C M S  t e l e s c o p e  I I 

"""""""""""""""""""""-""-" 
I 

I I t e m o e r a t u r e  I I 
E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . I . = 6 8  

1 - 8 J l o u e r   a l a r m   t h r e s h o l d l  I 
l f o r  CMS t e l e s c o p e  I I 

......................... 

I I t e m D e r a t u r e  I I 
E P D  S u b c o m m u t e t e d   H o u s e k e e p i n g   S . l . = 6 9  
""""""""""~""""""""""""""- 

1 1 - 8 1 - 3   v o l t s   D o w e r  I I 

E P D  S u b c o m m u t e t e d   H o u s e k e e p i n g   S . I . = 7 0  

1 - 8  I s ~ a r e  I I 
......................... 

I 

E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . l . = 7 1  

1 - . 8 l a u t o c a l i b r a t o r   i n d e x   l b i n a r y   n u m b e r   i d e n t i f i e s 1  
......................... 

1 # 1 2   I s . 1 . = 7 3   c o n t e n t s  I 

E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . I . = 7 2  
......................... 

I l - 8 l a u t o c a l i b r a t o r  A C C  ( 0  t o   5 . 1   v o l t s  I 
I l v o l t a s e   1 1 2  I I 

E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . I . = 7 3  
......................... 

I l - 8 ) u p p e r   a l a r m   t h r e s h o l d l  I 
I I f o r   m a i n   e l e c t r o n i c s  I I 
I I t e m D e r e t u r e  I I 

E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . 1 . = 7 4  
......................... 

I l - 8 l l o u e r   a l a r m   t h r e s h o l d l  I 
I I f o r   m a i n   e l e c t r o n i c s  I I 
I 1 t e m p e r a t u r e  I I 

E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . I . = 7 5  
......................... 

1 1 - 8 1 - 6   v o l t s   D o w e r  I I 

E P D  S u b c o r n m u t a t e d   H o u s e k e e p i n g   S . l . = 7 6  
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Bites) M e a s u r e m e n t   C o n t e n t s  

""""" 

"""I""" 
I l - 8 l S D 8 r e  
......................... 

I I 

"""I """ - 
"""I""" 

-""-I """ u 

-""-I """ 

""""" 

"""I""" 

"""I""" - 
"""I""" 

"""I """ 

E P D  S u b c o r n m u t a t e d   H o u s e k e e p i n g   S . 1 . = 7 7  

~ 1 - 8 l 8 u t o c a l i b r a t o r  i n d e x   ( b i n a r y   n u m b e r   i d e n t i f i e s !  
I I f 1 3  l S . 1 . = 7 9   c o n t e n t s  I 

......................... 

E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . I . = 7 8  
......................... 

( 1 - 8 l a u t o c 8 1 i b r a t o r  A G C  10 t o  5 . 1  v o l t s  I 
I s volt sac R13 I I 

E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . I . = 7 9  
......................... 

l - 8 l u p p e r   a l a r m   t h r e s h o l d )  I 
I +  1 0  V o l t s  DOUCr I I 

E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g  S . I . 3 6 0  

l - 6 J l o u e r   a l a r m   t h r e s h o l d )  I 
......................... 

I +  1 0   v o l t s   D o u e r  I I 

E P D  S u b c o m m u t 8 t e d   H o u s e k e e p i n g  S . 1 . 3 8 1  

......................... 

1 1 - 8 1 - 1 0   v o l t s   D o u e r  I I 

E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . l . = 8 2  
......................... 

I l - 8 l s ~ a r e  I I 

E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g  S . I . = 8 3  
......................... 

J 1 - 8 l a u t o c a l i b r a t o r  i n d e x   I b i n a r y   n u m b e r   i d e n t i f i e s 1  
I l a 1 4  I S . 1 . - 6 5  c o n t e n t s  1 

E P D  S u b c o m m u t a t c d   H o u s e k e e p i n g  S . I . 3 8 4  

1 1 - 8 1 a u t o c a l i b r a t o r  A G C  10 t o  5 . 1   v o l t s  
I I v o l t a s c  I 

......................... 

I 
I 

E P D  S u b c o m m u t a t c d   H o u s e k e e p i n g  S . I . = 8 5  
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B i t ( s )   M e a s u r e m e n t   C o n t e n t s  
........................... """"""""_ 

I """_"""" I L I P H A  c o n t r o l   b y t e  
I 1 I s D e r e  _ _ _ _ _ _ _ _ _ _ _ _ _ _ I  . . . . . . . . . . . . . . . . . . . . . . . . .  I 

~ O = P H A  o u t p u t   c l e a r  I 

I 3 I P H A  c o n t r o l   b y t e   ) O = p r i o r i t y   n o r m a l  I 
I I  I I o u t D u t   c l e a r  I I = P H A  o u t D u t   n o r m a l  I 

l o v e r r i d e   I l s D r i o r i t y   o v e r r i d e  I 
4 I P H A  c o n t r o l   b y t e  ~ O = P H A  n o r m a l  I 

I r e s e t  I I = P H A  r e s e t  I 
5 - 6 1 P H A   c o n t r o l   b y t e  12 b i t  LEMMS s e l e c t  I 

l l e m m s   f l a v o r / p r i o r i t y ( O = A ,  l = E ,  2 = f  ( o r  i f  b i t 1  

I 1 3 = 1 ,   t h e n   t h i s   d e t e r -  I 
I [ m i n e s   p r i o r i t y ,  O = l ,  I I .  

I I I I  I I I l = I l .  2 . 1 1 1 .  3 ' IV)  I 
I I I I I """ I 7 I P H A  c o n t r o l   b y t e  1 O . P  r e a d   a c t i v e  I 
I I I I  I I I [ r e a d   a c t i v e  l l = P  r e a d   i n a c t i v e  I 
I I I I  I I - - -  I 8 I P H A  c o n t r o l   b y t e  JO=LEMMS mode I 
I I I I  L I I  I lmode  I l = C M S  mode I 
11111111 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  E P O  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . 1 . = 8 6  

""""" 

e 1-1 

"""I """ 

""""" 

""" I """ 

""""" 

"""I """ 

""" I """ 

1 1 - 8 l S D f 1 r e  
......................... 

I I 

E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . I . = 8 7  
......................... 

I l - 8 l s ~ a r e  1 1 

E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g   S . I . = 8 8  
......................... 

I l - 8 l s ~ a r e  I I 

E P D  S u b c o m m u t a t e d   H o u s e ' k e e p i n g  S .  I . = 8 9  
......................... 

1 1 - 8 l s ~ a r e  I I 

E P D  S u b c o m m u t a t e d   H o u s e k e e p i n g  S . I . = P O  
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A 2 . 6 . 4   D i g i t a l   S t a t u s .  T h e  c o n t e n t s   o f  t h e  D i g i t a l   s t a t u s   s e c t i o n  i s  
d e s c r i b e d   i n   T a b l e   A 2 . 6 . 2 .  

T a b l e   A 2 . 6 , 2   D i g i t a l   S t a t u s  (MSB i s  b i t  1 )  

Bites) M e a s u r e m e n t   c o n t e n t s  
......................... 

I 1 I s c a n   e r r o r   l O = n o   e r r o r   d e t e c t e d  I 

I 2 [ f a s t   s c a n   a b o r t   f l a g   I O = n o r m a l  I 

I 3 l e r n e r g e n c y   c o u n t   f l a g   I O = n o r m a t  I 

I I l l r e r r o r   d e t e c t e d  4 

I I l l = f a s t   s c a n   a b o r t e d  I 

I I  I l = m e a n s   b y t e  2 b i t s  I 
I I  1 4 - 8   a r e  now a n   e m e r g e n c y 1  
I l c o u n t   n u m b e r  M O D  3 2  I 

I l i n d i c a t o r  l l r c l o c k u i s e  I 
I 4 l m o t o r   d i r e c t i o n   l O = c o u n t e r   c l o c k w i s e  I 

I 5 l m o t o r   c e n t e r l i n e   J O = r n o t o r   n o t   o n   c e n t e r -  I 
I l i n d i c a t o r  I t i n e  I 

1 6 - 8 1 m o t o r   p o s i t i o n   c o d e   I S e c t o r   0 - 7  I 
I I l l = m o t o r   o n   c e n t e r l i n e  I 

E P D  B y t e   1 2  

""""" I l - 8 l m e m o r y  dump 
......................... 

I 8   b i t s   o f  memory I 
"""I """ 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 .  E P D  B y t e   # 3  
......................... 

""""" I l - 8 l m e m o r y  dump c u r s o r  18 L S B ' s  of  memory I 
I I I  ldurnp a d d r e s s  ( 8  MSB I 
I I I  l a r e   i n   s u b c o n m u t a t e d  I 

"""I""" I I I d a t a .   1 6   b i t s   t o t a l )  I - 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  E P D  B y t e  # 4  

""""" 

......................... 

I l - 8 l c o m m a n d s   e x e c u t e d   I n u m b e r   o f   c o m m a n d s  I 
I I I  l e x e c u t e d  M O D  2 5 6  s i n c e  I 

"""I""" I I l l a s t  Dower  on .  I u 
1 1 1 2 1 3 1 4 ! 5 1 6 ! 7 1 8 1  E P D  B y t e   1 5  

""""" 

......................... 

I l - 8 l p a c k e t   p a r i t y   I e x c l u s i v e - O R   o f   a l l  I 
"""I """ I I l o t h e r   b y t e s   i n   p a c k e t  I - 

1 1 1 2 ! 3 ! 4 ! 5 1 6 1 7 1 8 1  E P D  B y t e   # 6  

""""" 

......................... 

I l - 8 l c o m m a n d   o p   c o d e   l o p e r a t i o n   c o d e   o f   l a s t  I 
"""I""" I I lcommand e x e c u t e d  I u 

1 1 1 2 1 3 1 4 ! 5 1 6 1 7 ! 8 1  E P D  B y t e  # I  
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T a b l e   A 2 . 6 . 2   D i g i t a l   S t a t u s  ( M S B  i s  b i t  1 )  

B i t ( s )  M e a s u r e m e n t   C o n t e n t s  

""""""""_ I 1 l a l t e r n a t i n g  mode  IO=normal CMS mode I 
I I I Il=CMS a l t e r n a t i n g  mode I I """""""_ I 2 I p o u e r   m o n i t o r   f l a g   I o = n o r m a t  I 
I I  I 1  ~ I = E P D  p o w e r   r e c e n t l y  I 
I 1  I I I i n t e r r u D t e d  I I I """"""- I 3 l b u s   a d a p t o r   p a r i t y   I D = n o r m a l  I 
I l l  I l e r r o r   f l a s   I l = D a r i t y   e r r o r   d e t e c t e d  I I I I """""_ I 4 I R e s y n c h r o n i z a t i o n   l O = n o r m a l  I 
I I I I  I I f l a g   I l = E P D   r e c e n t l y   r e s y n c e d  I 

""""_""""""""""""""""""""- 

I 1  I I I t o  CDS I I I """"_ I 5 l c e a s e   s c a n   f l a g  I O=norma t I 
I l l  I I  I l = m o t o r   c o n t r o l l e r   h a s  I 
I l l  I 1  ( e n t e r e d   l a c e e s e   s c a n "  I 

I I I I I  I I I mode I 
I I 6 ( m o t o r   i n   m o t i o n  I O=norma t I 

I 
I 
I 
I 
I 
I 
L 

I 
I 
I 
I 
I 
I 
L 

I I f l a g   ) ? = m o t o r   w a s   i n   m o t i o n  I 
I I l d u r i n q  t h i s  D a c k e t  I 

""- I 7 I s i n g l e s / b a c k g r o u n d  I O = S / B  f o r m a t  L I 
I I l f l a q  I l = S / B   f o r m a t s  J o r  J 1  I 
I - * -  I 8 I J / J 1  i n d i c a t o r  l O = C M S  mode J I 
I 1  I I Il=CMS  mode J '  I 

L l  

I 
I 

""""".""" 
""".""" 

I 1 IModulo  2 c o u n t e r   I O = e v e n   p a c k e t  I 
""""""""""""""""""""~""""- 

I I l l = o d d   p a c k e t  I 

I I  """ 1 5 - 8 l M o d u t o   1 3   c o u n t e r   l i n c r e m e n t s   u h e n  Mod 7 I 
I I  I I 1 l c o u n t e r   r e s e t s '  I 

u I - 1 -  "I" 

I Z - 4 1 M o d u l o  7 c o u n t e r   ( i n c r e m e n t s   e v e r y   p a c k e t  I 

1 1 1 2 1 3 1 4 l 5 1 6 1 7 ~ 8 1  E P D  B y t e  I 9  

Cl(M0D 13)+(MOD 7 ) + 2 1  modutoPl=SCLK Hod 91 

A 2 . 6 . 5  CMS P H A / L E M M S  P H A  D a t a .  T h e  c o n t e n t s   o f  the  CUS P H A / L E M M S  P H A  D a t a  
s e c t i o n   c a n   b e   e i t h e r  CMS P H A  d a t e   o r  LEMMS P H A  d a t a .  T h e  t i m i n g  o f  
u h e n   t h e   d a t a  i s  CMS P H A  o r  LEMHS PHA i s   s h o w n  i n  T a b l e   A 2 . 6 . 3  
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T a b l e  A 2 . 6 . 3  S I  v s .  CMS P H A /  
L E M M . S  P H A  s e c t i o n   c o n t e n t s  

M O D  91 C o n t e n t s  

2 
9 

16 
23 
30 
3 7  
4 4  
5 1  
5 8  
65 
7 2  
79 
86  

LEMMS P H A  d a t a  
LEMMS P H A  d a t a  
LEMMS PHA d a t a  
LEMMS P H A  d a t a  
LEMMS P H A  d a t a  
LEMMS P H A  d a t a  
LEMMS P H A  d a t a  
LEMMS P H A  d a t a  
LEMMS P H A  d a t a  
LEMMS P H A  d a t a  
LEMMS P H A  d a t a  
LEMMS P H A  d a t a  
LEMMS P H A  d a t a  

A l l   O t h e r s  CMS P H A  d a t a  

T h e  CMS P H A  d a t a   s e c t i o n   c o n t a i n s   i n f o r m a t i o n   o n   C o m p o s i t i o n  
M e a s u r e m e n t   S y s t e m  ( C M S )  P u l s e   H e i g h t   A n a l y z e r  ( P H A )  d a t a .  LEMMS P H A  
d a t a   c o n t a i n s   i n f o r m a t i o n   o n  Low E n e r g y   M a g n e t o s p h e r i c   M e a s u r e m e n t  
S y s t e m  ( L E M M S )  P H A  s p e c t r u m   d a t a .   U h e n   t h i s   s e c t i o n   c o n t a i n s  CMS 
P H A  d a t a ,   t h e   c o n t e n t s   a r e   d e s c r i b e d   i n   T a b l e  A 2 . 6 . 4 ,  w h i c h   r e f e r s   , t o  
o n e   e v e n t .  

T h i r t e e n  times t h r o u g h o u t   o n e   m a j o r   f r a m e  ( i . e . ,  w h e n   t h e  M O D  91 
c o u n t e r   r e g i s t e r s  2 ,  9 ,  1 6 ,   2 3 ,  3 0 ,  3 7 ,  4 4 ,  5 1 ,  5 8 ,  6 5 ,   7 2 ,   7 9 ,  a n d  
8 6 )  t h e  12 b y t e s  ( 9 6  b i t s )  of CMS P H A  d a t a   w i l l   b e   r e p l a c e d   b y  LEMMS 
PHA d a t a .  The 12 b y t e s ,   i n   a d d i t i o n   t o   t h e  3 5  b y t e s   o f  LEMMS P H A  
f o u n d   i n   b i t s  169 t o  2 0 8  o f   e a c h   o f  the  7 p a c k e t s  of E P D  t e l e m e t r y  
f o r m   o n e   c o m p l e t e   4 7 - b y t e  LEMMS P H A  s p e c t r u m .   T h e  4 7  b y t e  LEMMS P H A  
s p e c t r u m   w i l l   b e   s o r t e d   i n t o   e n e r g y   b i n s   ( o r   b i n   n u m b e r s ) ,   w h i c h   a r e  
g i v e n   i n   T a b l e  A 2 . 6 . 6 .  

T a b l e  A 2 . 6 . 4  CMS P H A  D a t a   ( b i t  1 i s  MSB) 

B i  t ( s 2  M e a s u r e m e n t   C o n t e n t s  
......................... 

""""" I1-8lCMS P H A  d e l t a  E J  # l  I I 
""" 1 """ 

""""" Il-8lCMS PHA d e l t a  E K  #I  I 
......................... 

I 
"""I """ - 

/ 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  E P D  CMS P H A  D a t a ,   b y t e  1 1  
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T s b l e   A 2 . 6 . 4  CMS P H A  D a t a  ( b i t  1 i s  MSB)  

I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

B i t ( s L   M e a s u r e m e n t   C o n t e n t s  
......................... 

""""" I1-8 lCMS P H A  T O F  # l  1 I - """I """ 

1 1 1 2 ! 3 1 4 ! 5 1 6 1 7 1 8 1  E P D  CMS P H A  D a t a ,   b y t e   1 2  

"""""""" I l - 2 l J  I D  #1  
......................... 

IO=Jc I 
I I  
I 1  

l l = J b  
12=N/A 

I I 1 3 = J a  I 
I 

I I l p r i o r i t y   # I   l l r p r i o r i t y  2 I 
I I I  ) 2 = p r i o r i t y  3 I 
I I I 1 3 = ~ r i o r i t y  4 I 
I """ 15-8lCMS P H A  r a t e . . c h a n n e l  lO=cM5 I 

"""""" ) 3 - 4 1 1 a s t   t r a n s m i t t e d   I o = p r i o r i t y  1 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I " I "  

""""" 

"""I """ 

"""I""" 

"""I """ 

I l c o d e   # 1  1 1  = C N O  I 
I 1  12=CNl I 
I I  13=CH5 I 
I I  14=CH2 I 
I 1  I5=CH3 I 
I I  I6=CH4 I 
I 1  I7=N/A I 
I I  I8=CM2 I 
I I  I9=CM3 I 
I I  IlO=CM4 I 
I 1  1 1  I = N / A  I 
I I  112=C A L P H A  2 I 
I 1  / 1 3 = C  A L P H A  3 I 
I I  114=C A L P H A  4 I 
I 1 1  5=N/A I 

E P D  CMS P H A  D a t a ,   b y t e   1 3  
......................... 

I1-8 lCMS P H A  d e l t a  E J  I 2  I I 

E P D  CMS P H A  D a t a ,   b y t e   1 4  
......................... 

I1-8 iCMS P H A  d e l t a  E K  # 2  I I 

E P D  CMS P H A  D a t a ,   b y t e   1 5  
......................... 

I l - 8 l C M S  P H A  T O F  # 2  I I 

E P D  CMS P H A  D a t a ,   b y t e  16 
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T a b l e   A 2 . 6 . 4  CHS P H A  D a t a   ( b i t  1 i s  H S E )  

E i t C s L   M e a s u r e m e n t   C o n t e n t s  

"""""""" 

......................... 

1 1 - 2 1 5  I D  # 2  I O=Jc I 
I I I  I l = J b  I 
I I I  I2=N/A I 
I I 13=Ja  I 
I """""" 1 3 - 4 1 1 a s t   t r a n s m i t t e d   l O = p r i o r i t y  1 I 
I I -  I I p r i o r i t y   # 2   I l = p r i o r i t y  2 I 
I I  I I  l Z = p r i o r i t y  3 I 
I I  I I 1 3 n ~ r i o r i t v  4 I 
I I  """ 15-8lCHS P H A  r a t e   c h a n n e l  IO=CM5 I 
I I  I I ( c o d e  # 2  I l = C N O  I 
I I  I I I  I2=CNl I 
I I  I I I  I3=CH5 I 
I I  I I I  14=CH2 I 
I I  I I I  15=CH3 I 
I I  I I I  16=CH4 I 
I I  I I I  I7=N/A I 
I I  I I I  I8=CH2 I 
I I  I I I  I9=CH3 I 
I I  I I I  IlO=CH4 I 
I I  I 1 1  1 1  ~ = N / A  I 
I I  I I 1  112=C A L P H A  2 I 
I I  I I I  113=C A L P H A  3 I 
I I  I I I  114=C A L P H A  4 I 
I I "I" I I 1 5 = N / A  I - 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  E P D  CMS P H A  D a t a ,   b y t e   1 7  

""""" 

......................... 

I l - 8 i C H S  P H A  d e l t a  E J  # 3  I I - """I""" 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  E P D  CMS P H A  D a t a ,   b y t e   1 8  

""""" 

......................... 

I 1 - 8 l C M S  P H A  d e l t a  E K  # 3  I I 
"""I """ u 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  E P D  CHS P H A  D a t a ,   b y t e   1 9  

""""" 

......................... 

I1-8lCMS P H A  T O F  # 3  I I - """I """ 

1 1 1 2 1 3 1 4 1 5 1 6 i 7 1 8 1  E P D  CMS P H A  D a t a ,   b y t e   2 0  
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T a b l e   A 2 . 6 . 4  CMS P H A  D a t a   ( b i t  1 i s  WSB)  

B i t ( s )  M e a s u r e m e n t   C o n t e n t s  
"""""~""~"""""""""""-"""""- 

"""""""" l l - 2 1 J  I D  1 3  I O = J c  I 
I I I  I l = J b  I 
I I I  I ~ = N / A  I 
I I I 1 3 = J a  I 
I """""" 1 3 - 4 1 1 a s t   t r a n s m i t t e d   l o s p r i o r i t y  1 I 
I I  I l p r i o r i t y   # 3   I l = p r i o r i t y  2 I 
I I  I I  1 2 = p r i o r i t y  3 I 
I I  I I 1 3 = ~ r i o r i t y  4 I 
I I  I 
I I  I I J c o d e   # 3  1 1  = C N O  I 
I I  I I I  I2=CN 1 I 
I I  I I I  13=CH5 I 
I I  I I I  14=CH2 I 
I I  I I I  I5=CH3 I 
I I  I I I  I6=CH4 I 
I I  I I I  I7=N/A I 
I I  I I I  I8=CM2 I 
I I  I I I  I9=CM3 I 
I I  I I I  I10=CM4 I 
I I  I I I  1 1  ~ = N / A  I 
I I  I I I  112=C A L P H A  2 I 

""" (5-81CMS P H A  r a t e   c h a n n e l  lO=CM5 

I I  I I I  113=C A L P H A  3 I 
I I I  114=C A L P H A  4 I 

I I "I" I I 15=N/A I u 
) 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  E P D  CMS P H A  D a t a ,   b y t e   2 1  

A 2 . 6 . 6  LEMMS P H A  D a t a .  The LEMMS P H A  d a t a   s e c t i o n   c o n t a i n s   a n   a d d i t i o n a l  5 
( 8  b i t )   b y t e s  o f  LEMMS P H A  d a t a .  The c o n t e n t s  o f  t h i s  s e c t i o n  i s  
s h o u n   i n   T a b l e   A 2 . 6 . 5 .  

T a b l e   A 2 . 6 . 5  LEMMS P H A  D a t a   ( b i t  1 i s  MSB) 

B i t ( s )   M e a s u r e m e n t   C o n t e n t s  

"""""""_ I1-31LEMMS P H A  s p e c t r u m   l i f   e x p o n e n t t 7 ,   t h e n  I 
I I ( e l e m e n t  # I  e x p o n e n t   ( v a t u e = m s n t i s s a ,   i f   n o t ,  I 
I I I 1 v a l u e = ( m s n t i s s a + 3 2 ) . 2 ~ X P (  
I I 

......................... 

"""- 14-8lLEMMS P H A  s p e c t r u m  1 
- I - "e I -" w 

I ! e l e m e n t   # t   m a n t i s s a  I I 

1 1 ( 2 1 3 1 4 1 5 ( 6 1 7 ( 8 1  E P D  LEMMS PHA D a t a ,   b y t e   2 2  
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T a b l e   A 2 . 6 . 5  LEMMS P H A  D a t a   ( b i t  1 i s  M S B )  

B i t ( s )  M e a s u r e m e n t   C o n t e n t s  

"""""""_ ......................... 

Il-31LEMMS P H A  s p e c t r u m  l i f  e x p o n e n t r 7 ,   t h e n  I 
I l e t e m e n t  1 2  e x p o n e n t  I v a l u e = m a n t i s s a ,  i f  n o t ,  I I 

I I I 1 v a ~ u e = ~ m a n t i s s a + 3 t ~ ' ~ ~ ~ ~  I 
1 """_ 14-8lLEMMS P H A  s p e c t r u m  I I 

- I -  "_I"_ I l e l e m e n t   # 2   m a n t i s s a  I I - 
1 1 1 2 1 3 1 4 1 5 1 6 ! 7 1 8 /  E P D  LEMMS P H A  D a t a ,   b y t e   2 3  

"""""""- """""""""-"""""""""""""""- 
I1-3lLEMMS P H A  s p e c t r u m  l i t  e x p o n e n t n 7 ,   t h e n  I 
I l e l e m e n t   # 3   e x p o n e n t  I v a t u e = m a n t i s s a ,  i f  n o t ,  I I 

I I I 1 v a l u e = ( m a n t i s s a + 3 2 ) ' 2 ~ ~ p  I 
I "-"" I4-8lLEMMS P H A  s p e c t r u m  I I 

- I -  "_I"_ I l e l e m e n t   # 3   m a n t i s s a  I I u 
) 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  E P D  LEMMS P H A  D a t a ,   b y t e  2 4  

"""""""_ ......................... 

1 1  -31LEMMS P H A  s p e c t r u m  I i f  e x p o n e n t i l ,   t h e n  I 
I I l e l e m e n t  # 4  e x p o n e n t   I v a l u e = r n a n t i s s a ,  i f  n o t ,  I 
I I I 1 v a ~ u e = ( m a n t i s s a + 3 ~ ) ~ 2 ~ ~ p  I 

I 
- 1 -  "-1"- I l e l e m e n t  # 4  m a n t i s s a  I I 

I """_ 14-6(LEMMS P H A  s p e c t r u m  I 

u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  E P D  LEMMS P H A  D a t a ,   b y t e   2 5  

......................... """""""- (1-31LEMMS P H A  s p e c t r u m  l i f  e x p o n e n t = l ,   t h e n  I 
I I ) e l e m e n t   # 5   e x p o n e n t   I v a t u e = m a n t i s s a ,  i f  n o t ,  I 
I I I 
I 

I v a t u e = t m a n t i s ~ a + 3 2 ) * 2 ~ ~ P l  """_ 14-8lLEMMS P H A  s p e c t r u m  I I 
- 1  - "i I "- I l e l e m e n t   # 5   m a n t i s s a  I I - 

1 1 1 2 1 3 1 4 1 5 ! 6 1 7 1 8 (  E P D  LEMMS P H A  D a t a ,   b y t e  26 
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T a b l e  A 2 . 6 . 6 .  C A L I L E O  E P D  LEMMS P H A  B i n   A s s i g n m e n t s  

P a c k e t   I d e n t i f i e r  
L M o d u l o  7 c o u n t e r )  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 

B y t e  
Number 

10  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
19  
2 0  
21 
22  
2 3  
24 
25 
26  
2 2  
2 3  
24 
25 
2 6  
2 2  
2 3  
24 
25 
2 6  
2 2  
2 3  
24 
25 
2 6  
2 2  
2 3  
2 4  
2 5  
2 6  
2 2  
2 3  
2 4  
25 
2 6  
2 2  
2 3  
2 4  
2 5  
2 6  

LEMMS P H A  
B i n   N u m b e r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
1 1  
12 
1 3  
14 
15 
1 6  
1 7  
1 8  
1 9  
2 0  
21 
2 2  
2 3  
2 4  
25 
2 6  
2 7  
2 8  
2 9  
3 0  
31 
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  
41  
4 2  
4 3  
4 4  
4 5  
4 6  
4 7  
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A 2 . 6 . 7  R a t e   C h a n n e l   D a t a .  T h e  R a t e   C h a n n e l   D a t a   s e c t i o n   c o n t a i n s  4 0  r a t e  
c h a n n e l s ,  1 0  b i t s   e a c h ,   o f  CMS a n d  LEMMS s e n s o r   d a t a .  The p a r t i c u l a r  
r a t e   c h a n n e l   i n v o l v e d   d e p e n d s   o n  t h e  Mod 2 c o u n t e r   d e s c r i b e d   i n   T a b l e  
A 2 . 6 . 2 .   T a b l e   A 2 . 6 . 7   s h o w s   t h e   c o n t e n t s   o f  t h e  R a t e   C h a n n e l   s e c t i o n  
f o r   o d d   a n d   e v e n   p a c k e t s .  

E P D  r a t e  c h a n n e l   a c c u m u l a t o r s   a r e  1 0  b i t s   l o g   c o m p r e s s e d   f r o m   2 4  
b i t s .  T h e  l o g   c o m p r e s s i o n   a l g o r i t h m  c a n   b e   s t a t e d   a s   f o l l o w s :  

G i v e n  a 2 4   b i t   b i n a r y   i n t e g e r   w i t h  MSB o n  t h e  l e f t   a n d  L S B  o n   t h e  
r i g h t ,   f i n d  t h e  m o s t   s i g n i f i c a n t  I l l g g .  The n u m b e r   o f   b i t s   t o   t h e  
r i g h t   o f  the  m o s t   s i g n i f i c a n t  r l u ,  m i n u s   s i x ,  i s  t h e  e x p o n e n t .   I f  
t h i s  e x p o n e n t   v a l u e  i s  n e g a t i v e ,   o r   i f  the  o r i g i n a l   n u m b e r   i t s e l f  i s  
z e r o ,   s e t  the  e x p o n e n t   t o  1 5 ,  a n d   u s e  t h e  s i x   l e a s t   s i g n i f i c a n t   b i t s  
o f   t h e   o r i g i n a l   2 4   b i t   n u m b e r   a s  the  m a n t i s s a .   I f  t h i s  i s   n o t  t h e  
c a s e ,   u s e   t h e   s i x   b i t s   i m m e d i a t e l y   t o   t h e   r i g h t   o f  t h e  m o s t  
s i g n i f i c a n t   a s   t h e   m a n t i s s a .  

The l o g   d e c o m p r e s s i o n   a l g o r i t h m   c a n   b e   s t a t e d   a s   f o l l o u s :  

G i v e n  t h e  1 0  b i t   l o g   c o m p r e s s e d   r a t e   c h a n n e l   d a t a ,  the  f i r s t  4 b i t s  
a r e  t h e  e x p o n e n t ,   a n d  t h e  l a s t  6 b i t s   a r e  t h e  m a n t i s s a .  ~f t h e  
e x p o n e n t  = 1 5 ,  t h e n  t h e  v a l u e  = m a n t i s s a ;   i f   n o t   t h e n  t h e  
v a l u e  = ( m a n t i s s a  + 6 4 ) ' 2 e X P .  
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T a b l e  A 2 . 6 . 7  E P D  R a t e   C h a n n e l   D a t a  
””-”””””””””””“”””””“””””“”””””“”- 

E v e n   P a c k e t  1 I 
I Odd P a c k e t  

2 

E02 
E12 
A02 
A12 

A81 
D C O  
D C 1  
DC2 
DC3 
B O 1  
B 1  1 
621  

I B i t s  I CMS J LEMMS CMS J ’  I CMS J LEMMS CMS J ‘  

I 2 0 9 - 2 1 8  I E01 I E03 I 
I 2 1 9 - 2 2 8  I E l  1 I E13 I 
I 2 2 9 - 2 3 8  I A01 I A03 I 
I 2 3 9 - 2 4 8  I A 1  1 I A13 I 
I 2 4 9 - 2 5 8  I A2 1 I A22 I 
I 2 5 9 - 2 6 8  I E 2 1  I E22 I 
I 2 6 9 - 2 7 8  I E31 I E32 I 
I 2 7 9 - 2 8 8  I F01 I F02 I 
I 2 8 9 - 2 9 8  I F 1 1  I F12 I 
I 2 9 9 - 3 0 8  I A3 1 I A32 I 
I 3 0 9 - 3 1 8  I A4 1 I A42 I 
I 3 1 9 - 3 2 8  I A 5  1 I A52 I 
I 3 2 9 - 3 3 8  I A61 I A62 I 
I 3 3 9 - 3 4 8  I A71 I A72 I 

I 3 5 9 - 3 6 8  I F31 I F32 I 
I 3 6 9 - 3 7 8  I CE2 C E Z P  I C M 3  CM3P I 
I 3 7 9 - 3 8 8  I CE3  CE3P I CW4  CM4P I 
I 3 8 9 - 3 9 8  I C E 1  C E l P  I CM5 C M 5 P  I 
I 3 9 9 - 4 0 8  I C P 1  CPlP I C N 1  CNlP I 
I 4 0 9 - 4 1 8  I I E 0 4  I 
I 4 1 9 - 4 2 8  I I E14 I 
I 4 2 9 - 4 3 8  I I A04 I 
I 4 3 9 - 4 4 8  I I A14 ‘ I  

I 4 5 9 - 4 6 8  I CP3 CP3P I CH3  CH3P I 
I 4 6 9 - 4 7 8  I C H O   C H O P  I CH4  CH4P I 
I 4 7 9 - 4 8 8  I C H 1  CHlP I CH5 C H 5 P  I 
I 4 8 9 - 4 9 8  I I E B 1  KS KP I 
I 4 9 9 - 5 0 8  I I EB2 J B  E62 I 
I 5 0 9 - 5 1 8  I I FB2 F B 1  F B 1  I 
I 5 1 9 - 5 2 8  I I AS AS A S  I 
I 5 2 9 - 5 3 8  I I C A O  C A O P  I 
I 5 3 9 - 5 4 8  1 I CA2  CA2P I 

I 5 5 9 - 5 6 8  I I CS J A  J A P  I 
I 5 6 9 - 5 7 8  I C A 1  C A l P  I C W O  C M O P  I 
I 5 7 9 - 5 8 8  I CA3  CA3P I CM2  CM2P I 
I 5 8 9 - 5 9 8  I CA4  CA4P I C N O  C N O P  I 
I 5 9 9 - 6 0 8  I CMl C M l P  I DS J C  J C P  I 

N O T E S :  
1 .  1 f  t h e  L E M H S  c o l u m n   i s   b l a n k ,   u s e   t h e  CUS J Column i f  t h e  J / J ’  i n d i c a t o r  

2 .  ~f t h e  L E U U S  s / ~  L c o ~ u m n   i s   b l a n k ,   t r e a t  a s  i n   f o o t n o t e  1 .  I f  a l l   t h r e e  
c o n t a i n   n a m e s ,  t h i s  i s  a S i n g l e s / B a c k g r o u n d   c h a n n e l .  Use t h e  

L E ” S  L c o l u m n  i f  the  S i n g l e s / B a c k g r o u n d   F l a g  i s  z e r o ,   o t h e r w i s e   t r e a t  

I I I S / E  J S / B  L S / B  J ’ I  

I 3 4 9 - 3 5 8  I F21 I F22 I 

I 4 4 9 - 4 5 8  I CP2 CP2P I CH2 C H Z P  I 

I 5 4 9 - 5 5 8  I I 9s LS 6s I 

i s  z e r o ,   o t h e r u i s e   u s e   t h e  CWS J ’  Column-  

t h e   s a m e   a s   i n   f o o t n o t e  1 .  
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A 2 . 6 A . 1  

Title 

Data Offset 

6i ts/Padet 

Descriptim 

A 2 . 6 A . 2  

A 2 . 6 A . 3  
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H E A V Y  I O N  C O U N T E R  SUBSYSTEM T E L E M E T R Y  

These p a r a g r a p h s   d e s c r i b e  t h e  f o r m a t   a n d   c o n t e n t   o f   t h e  H I C  o u t p u t .  

Y I C  P a c k e t .  
A2 

1st 
Rate 

- 
I 
I 
I 
I 
I 
I 
I 

6A.  1 

1st 
T a g  
w 

- 
I 
I 
I 
I 
I 
I 

3 

1st 
PHA 
Area 

L 

I 
I 
I 
I 
I 
I 

T h e   s c h e m a t i c   o f  t h e  H I C  p a c k e t   i s   s h o w n   i n   F i g u r e  
RS F r a m e s   a r e   r e q u i r e d  t 

I 
I 
I 
I 
I 

o t r a n s p o r t  1 H I C  P 

- 
I 
I 
I 
I 
I 

a c k e t .  

I 
3rd I 
m I  
- 1  

I 
1 l 1 1 1 1 I I  I I 

F i g u r e   A 2 . 6 A . 1  H I C  P a c k e t  

I n s t r u m e n t   S v n c h r o n i c i t v .   T h e r e   a r e  30  1 / 3  p a c k e t s   p e r  R I M .  The 
H I C  P a c k e t   c a n   s t a r t   i n   a n y  LRS f r a m e .  H I C  P a c k e t   s y n c h r o n i z a t i o n  i s  
a c h i e v e d   b y   s e a r c h i n g   f o r  a 1 ,  2 ,   3 ,   1 2 ,   1 3 ,   o r   1 4   i n   t h e  4 MSB o f  
t h e   3 r d   w o r d   o f   a n y  LRS H I C  a l l o c a t i o n .   T h i s   w o u l d   i d e n t i f y  a 
s t a t u s   w o r d .  

T h e   S y n c h r o n i z a t i o n   I n d e x   i s  the  f i r s t  4 b i t s   o f  t h e  s t a t u s  w o r d  
( s e e  T a b l e   A 2 . 6 A . 7 ) .  The S y n c h r o n i z a t i o n   I n d e x   a p p l i e s   t o   t h e  
s u b c o m m u t a t e d   R a t e   C h a n n e l s ,   a n d   t h e   s u b c o m m u t a t e d   s t a t u s   w o r d .  

R a t e   C h a n n e l   S e c t i o n s  1 .  2 .   a n d   3 ,  These t h r e e   s e c t i o n s   c o n t a i n  1 2  
b i t   l o g   c o m p r e s s e d   r a t e  c h a n n e l   d a t a .  The f i r s t   s e c t i o n   c o n t a i n s  
t h r e e   ( 3 )   r a t e   c h a n n e l s ,  a s   s h o w n   i n   T a b l e   A 2 . 6 A . l .  

T a b l e   A 2 . 6 A . 1   R a t e   C h a n n e l   S e c t i o n  1 

- Word R a t e   C h a n n e l  

1 D U B L ,  D o u b l e   E v e n t  - d e t e c t o r s  L E 1  a n d  LE2 i n  L E T  E t e l e s c o p e  
2 T R P L ,  T r i p l e   E v e n t  - d e t e c t o r s  L E 1 ,  LE2,   and LE3 i n  L E T  E t e l e s c o p e  
3 UDSTP,  Wide S t o p p i n g   E v e n t  - d e t e c t o r s   L E 2 ,   L E 3 ,   a n d  LE4 i n  L E T  E 

t e l e s c o p e  
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a The s e c o n d   s e c t i o n   c o n t a i n s   t h r e e   ( 3 )   r a t e   c h a n n e l s ,   a s   s h o u n   i n   T a b l e  
A 2 . 6 A . 2 .  

T a b l e   A 2 . 6 A . 2   R a t e   C h a n n e l   S e c t i o n  2 

- R a t e   C h a n n e l  

1 U D P E N ,  U i d e   P e n e t r a t i n g   E v e n t  - d e t e c t o r s  L E Z ,  LE3 ,  L E 4  

2 L E T B ,  A n y   E v e n t   i n  L E T  B t e l e s c o p e  
3 L E  1 ,  Any F i r i n g  o f  t h e  L E  D e t e c t o r   i n  L E T  E t e l e s c o p e  

a n d  LE5 i n  L E T  E t e l e s c o p e  

T h e  t h i r d   s e c t i o n   c o n t a i n s   t w o   ( 2 )   s u b c o m m u t a t e d   r a t e   c h a n n e l s ,  a s  
s h o u n   i n   T a b l e   A 2 . 6 A . 3 .  

T a b l e   A 2 . 6 A . 3   S u b c o m m u t a t e d   R a t e   C h a n n e l   S e c t i o n  

- S . I .  " 1 s t .   U o r d   2 n d .   U o r d  
L E  S i n a l e s  - - L B  S i n s l e s  
" 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
1 1  
1 2  
1 3  
14  
15  

SB 
S B  
SB 
SB 
SB 
SB 
SB 
S B  
LE5 
LE3 
LE4 
LE2 
SB 
SB 
SB 
SB 

S L B  
SLB 
S L B  
L B T R P  
S L B  
S L B  
S L B  
S L B  
L B 1  
L B Z  
LB3 
LB4 
S L B  
S L B  
SLB 
S L B  

T h e   a c r o n y m s   u s e d   i n   T a b l e   A 2 . 6 A . 3   a r e   d e f i n e d   a s  f o l l o u s :  

SB - An e v e n t   t r i g g e r i n g  the  s l a n t   d i s c r i m i n a t o r s  i n  
t e l e s c o p e  L E T  E .  

t e l e s c o p e  L E T  B .  
SLB - An e v e n t   t r i g g e r i n g  t h e  s l a n t   d i s c r i m i n a t o r s  i n  

L B T R P  - An e v e n t   t r i g g e r i n g   t h e   f i r s t  3 d e t e c t o r s   i n  t h e  L E T  B 

L E  ( n )  - Any t r i g g e r i n g  o f  d e t e c t o r   ( n )   i n   t h e  L E T  E t e l e s c o p e .  
L B  ( n )  - Any t r i g g e r i n g   o f   d e t e c t o r   ( n )   i n   t h e  L E T  B t e l e s c o p e .  

t e l e s c o p e .  

T h e   a l g o r i t h m s  f o r  t h e  r a t e   c h a n n e l   d a t a   c o m p r e s s i o n   a n d  
r e c o n s t r u c t i o n   a r e   s h o w n   i n   F i g u r e   A 2 . 6 A . 2 .  
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C o m D r e s s i o n  

H S B  N -  1 LSB 
J 1  2 4  L 

B i n a r y   I n p u t   U o r d  

N = O  t o   1 6 , 7 7 7 , 2 1 4  
( W h e r e  N i s  t h e  n u m b e r   o f   c o u n t s )  

.""> 

A l g o r i t h m :  
f o r  N = O  x = O  ( d e c ) ,   C = 1 2 7   ( d e c )  
f o r   N = l  X . 3 1 ,  C = O  
f o r  N * 1  ) ( = I n t e g e r   t 2 3 -   l o g 2  ( N -  1 ) I ,  

X C 
J 1  5 I6   121  

H I C  R a t e   C h a n n e l   U o r d  

A l g o r i t h m :  
f o r  X = O  ( d e c )  
f o r   X = 3 1  

e l s e  

D e c o m D r e s s i o n  

"" - >  

MSB X c LSB 
11 5 I 6   1 2 1  

H I C  R a t e   C h a n n e l   U o r d  

X=5 b i t   p o u e r   o f  2 e x p o n e n t  
C=7 b i t   f r a c t i o n  ( 1  b i t   h i d d e n ) .  

N 
J 1  2 4  I 

B i n a r y   I n p u t   U o r d  

N = O  ( d e c )  
N = 1  

N = [ ( 1 2 8 + C )  I + 1  . 2 1 6 - X  

F i g u r e   A 2 . 6 A . 2 .   R a t e   c h a n n e l  c o m p r e s s i o n / d e c o m p r e s s i o n  a l g o r i t h m .  

A 2 . 6 A . 4  P H A  A r e a s  1 .  2 .   a n d   3 .  These t h r e e   s e c t i o n s   c o n t a i n   u n s i g n e d   1 2   b i t  
n u m b e r s   r e p r e s e n t i n g   s i n g l e   s i z e s   f r o m   v a r i o u s   d e t e c t o r s .   E a c h  
s e c t i o n   c o n t a i n s   t h r e e   ( 3 )   1 2   b i t   u o r d s .  t h e  c o n t e n t s   o f ' e a c h   u o r d  
a r e   d e t e r m i n e d   b y  t h e  t a g   u o r d   d e s c r i b e d   i n   p a r a g r a p h   A 2 . 6 A . 5 .   E a c h  
t a g   u o r d   d e s c r i b e s  the  i m m e d i a t e l y   p r e c e d i n g  P H A  A r e a .   T a b l e   A 2 . 6 A . 4  
d e s c r i b e s  t h e  c o n t e n t s   o f  t h e s e  a r e a s .  

T a b l e   A 2 . 6 A . 4  P H A  Words 

U o r d  

1 
2 

3 

C o n t e n t s .  
L E T  E L E T  B 

t e l e s c o p e   t e l e s c o p e  
P H A  3 - LE3  LB3 
P H A  2 - L E 1 ,  i f   b i t  1 o f   T a g   u o r d = O  LB2 

( L E 4 + L E 5 )   i f   b i t  1 o f   T a g   w o r d = l  
P H A  1 - LE2 L B 1  

* N o t e  - i f   n o   e v e n t   i s   a v a i l a b l e ,   a l l   z e r o ' s   a r e   t e l e m e , t e r e d .  

A 2 . 6 A . 5   T a q   U o r d  1 .  2 .   a n d   3 .   T h e   t a g   u o r d s   d e s c r i b e   t h e   c o n t e n t s   o f   t h e  
P H A  A r e a s   d e s c r i b e d   a b o v e .   B i t  9 o f  t h e  T a g   u o r d s   d e s c r i b e s   u h e t h e r  
t h e   d a t a  u a s  f r o m  t h e  L E T  E o r  L E T  B t e l e s c o p e .   T a b l e   A 2 . 6 A . 5  
d e s c r i b e s  the  t a g   w o r d   c o n t e n t s   f o r   t h e  L E T  E t e l e s c o p e ,   a n d   T a b l e  
A 2 . 6 A . 6   d e s c r i b e s   t h e   T a g   w o r d   c o n t e n t s   f o r  the  L E T  B t e l e s c o p e .  
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T a b l e  A 2 . 6 A . 5  H I C  Tag  Word (MSB i s   B i t  1 )  f o r  L E T  E ( B i t  9 . 0 )  I 
B i  t ( s )  M e a s u r e m e n t   C o n t e n t s  

I 1 I L E 4  d i s c r i m i n a t o r  ( O = d i s c .   d i d   n o t   f i r e  I 
[ l = d i s c .   d i d   f i r e  I 

I 2 I L E 1  d i s c r i m i n a t o r   J O = d i s c .   d i d   n o t   f i r e  I 
I l = d i s c .   d i d   f i r e  I 

I 3 l L E 5  d i s c r i m i n a t o r   / O = d i s c .   d i d   n o t   f i r e  I 
I l = d i s c .   d i d   f ' i r e  I 

I 4 J L E 3  d i s c r i m i n a t o r   I O = d i s c .   d i d   n o t   f i r e  I 

I 5 I S B  d i s c r i m i n a t o r   I O = d i s c .   d i d   n o t   f i r e  I 

I 6 ! L E 2  d i s c r i m i n a t o r   I O = d i s c .   d i d   n o t   f i r e  I 
I l = d i s c .   d i d   f i r e  I 

......................... """""_"""""""" 
I I I 
I """"""""""""~ 

I I  I I 
I I """""_"""""" 
I l l  I I 
I I I """"""""""~ 

I I I I  I I I l = d i s c .   d i d   f i r e  I 
I I I I """""""~"" 

I I I I I  I I I l = d i s c .   d i d   f i r e  I 
I I I I I """"""""- 
I I I I I I  I I 
I I I I I I """""""_I 7 I s D a r e  I O  I 
I I I I I I I """"""-1 8 I H i g h   G a i n   s t a t u s   / O = n o r m a l ,  Lou g a i n  I 
I I I I I I I I  I I l l r h i a h   a a i n  I 
I I I I I I I I """""- 
I I I I I I I I I """" 1 1 0  I D U B L  m o d e  
I I I I I I I I I  I I I l l = i n   d o u b l e   m o d e  I 
I I I I I I I I I I ""-111 l b l o c k  I D  I 1  ( n o t   u s e d )  I 
I I I I I I I I I I I " 1 1 2   l c a u t i o n   f l a g   J O = g o o d   e v e n t  I 
I I I I I I I I I  I I I I I I l = c o m D r o m i s e d   e v e n t  I 

I 9 I L E T  E / L E T  B I O  ( L E T   E )  I 
I O = n o t   i n   d o u b l e   m o d e  I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 ) 8 1 9 1 1 0 ~ 1 1 ~ 1 2 ~  
l a g   u o r d   f o r  L E T  E t e l e s c o p e  

T a b l e  A 2 . 6 A . 6  H I C  Tag  Word (MSB i s   B i t  1 )  f o r  L E T  B ( B i t  9 = 1 )  

B i t ( s )   M e a s u r e m e n t   C o n t e n t s  

I 1 ISLE d i s c r i m i n a t o r   ( O = d i s c .  d i d   n o t   f i r e  I 
I l = d i s c .  d i d   f i r e  I 

I 2 ( ~ 6 3  d i s c r i m i n a t o r   ( O = d i s c .  d i d   n o t   f i r e  I 
I l = d i s c .  d i d   f i r e  I 

I 3 I L B ~  d i s c r i m i n a t o r   I O = d i s c .  d i d   n o t   f i r e  I 
I l = d i s c .  d i d   f i r e  I 

""""""""""""""""~"""""""- """""""""_"""" 
I I I 
I ~"~""""""""""~ 

I I  I I 
I I """_"""""""" 
I l l  I I 
i i I . . . . . . . . . . . . . . . . . . . . .  
I I I I  I I I l - d i s c .   d i d   f i r e  I 

I 4 l L B 1  d i s c r i m i n a t o r   I O = d i s c .   d i d   n o t   f i r e  I 
. . . .  
I I I I """""""""I 5 I s D a r e  
I I I I I """"""""_ 
1 1 1 1 1 I  I I l l m t e r m   d e l e t e d  
I I I I I I """""""- 
I I I I I I I  I I I l = t e r m   d e l e t e d  
I I I I I I I """"""I 8 I s p a r e  
I I I I I I I I """""_ 
I I I I I I I I I """"I10 I s p a r e  
I I I I I I I I I I ""-111 l b l o c k  I D  
I I I I I I I I I  I I " 1 1 2  ( c a u t i o n   f l a g   ( O = g o o d   e v e n t  
I I I I I I I I I  I I I I I I l = c o m D r o m i s e d   e v e n t  I 

I O  I 

I 

I 
I O  I 

I O  I 

I 

I 6 lLB2 t e r m s  I O=norma l I 

I 7 I L B 3  t e r m s  I O=norma L I 

I 9 l L E 1  € / L E T  B I 1  ( L E T  B )  I 

l l = n o t   u s e d  I 
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A 2 . 6 A . 6  C R C  U o r d s  1 ,  2 ,   a n d   3 .  T h e  C R C  w o r d s   a r e  a c y c l i c   R e d u n d a n c y   c h e c k  
o v e r  t h e  8 4   b i t s   p r e c e d i n g   e a c h   w o r d .  T h e  f i r s t  8 b i t s   c o n t a i n  t h e  
C R C  w o r d ,   w i t h  t h e  l a s t   f o u r   b i t s   f i x e d   a s   z e r o ' s .  T h e  a l g o r i t h m  
u s e d   f o r  t h e  c h e c k s u m   i s   s h o w n   i n   F i g u r e   A 2 . 6 A . 3 .  

i n i t i a l i z e   8 4 - e l e m e n t   a r r a y  x 0   t o   z e r o  
l o o p   f o r  n = 1 t o  8 4  

i n p u t  = n t h   b i t   o f   8 4 - b i t   d a t a   s t r e a m  
x ( 0 )  = x ( 8 )  X O R  i n p u t  
x ( 8 )  = x ( 7 )  X O R  x ( 0 )  
x ( 7 )  = x ( 6 )  X O R  x ( 0 )  
x ( 6 )  = x ( 5 )  
x ( 5 )  = x ( 4 )  
x ( 4 )  = x ( 3 )  
x ( 3 )  = x ( 2 )  
x ( 2 )  = X ( 1 )  

x ( 1 )  = x ( 0 )  
e n d   o f   l o o p  

C R C  = 1 2 8 * x ( 8 )  + 6 4 * x ( 7 )  + 3 2 * x ( 6 )  + 1 6 * x ( 5 )  + 8 * ~ ( 4 )  + 

4 * X ( 3 )  + 2 * X ( 2 )  + x ( 1 )  

F i g u r e   A 2 . 6 A . 3  C R C  A l g o r i t h m  

A 2 . 6 A . 7   S t a t u s   U o r d .  The c o n t e n t s   o f  t h e  s t a t u s   w o r d   i s   s h o w n   i n   T a b l e  
A 2 . 6 A . 7  

T a b l e   A 2 . 6 A . 7   D i g i t a l   S t a t u s   ( B i t  1 i s  MSB) 

B i t ( s )   M e a s u r e m e n t s   C o n t e n t s  

_ _ _ _ _ _  - - - - - - - - - - - - 1 1 - 4   l s y n c h r o n i z a t i o n   i n d e x  1 0 - 1 5  ( d e c )  
""_"""""""""""""""""""""" 

I 
l""l"""""""""""I"""-"""""""l 

- - - - - - - - - - I  5 -  l s u b c o m a u t a t e d   s t a t u s  ( s e e  T a b l e s   A 2 . 6 A . 8   t o 1  
I I I 1 2  I I A 2 . 6 A . 1 3  I 

I I I  
" I "  """_I"""" 

I 
~ 1 ~ 2 ~ 3 1 4 ~ 5 ~ 6 ~ 7 ~ 8 ~ 9 ~ 1 0 ~ 1 1 ~ 1 2 ~  T a g   w o r d   f o r  L E T  B t e l e s c o p e  

T h e  s u b c o m m u t a t e d   s t a t u s   i s   v a l i d   o n l y   f o r  t h e  S y n c h r o n i z a t i o n   I n d e x  
e q u a l i n g  0 ,  2 ,  6 ,  8 ,  1 2 ,  a n d   1 3 .  T h e  c o n t e n t s   a r e   s h o w n   i n   T a b l e s  
A 2 . 6 A . 8   t h r o u g h   A 2 . 6 A . 1 3   r e s p e c t i v e l y .  

294 



GLL-3-280 Rev. D 

T a b l e   A 2 . 6 A . 1 0   S u b c o m m u t a t e d   S t a t u s  ( S I = o )  

B i t C s )   M e a s u r e m e n t   C o n t e n t s  

I 5 - 6   l n o t   u s e d  
""""""""""""""""""~"""""--"------- 

I O  I """"""""_ 
I --------------I 7 I H i g h   V o l t a g e   E n a b l e   S t a t u s   I O = h i g h   v o l t a g e   o f f  I 

I O = n o r m a l   g a i n  I 
I l = h i g h  g a i n  I 

1 0 0 0 = c a l   o f f , o r  1st s t a t e l  
1 0 0 1 = 2 n d   s t a t e  I 
( 0 1 0 = 3 r d   s t a t e  I 
l O l l = 4 t h   s t a t e  I 
( 1 0 0 = 5 t h   s t a t e  I 
( 1 0 1 = 6 t h   s t a t e  I 
) 1 1 0 = 7 t h   s t a t e  I 
l l l l = 8 t h   s t a t e  I 

I I  I I I l = h i g h   v o l t a s e   o n  I 
I I  I 8 I H i g h   G a i n   s t a t u s  
I I """"""I 1 
I I I """""I 9 l n o t   u s e d  I I 
I I l l  "" 1 1 0 - 1 2 ) C a l i b r a t i o n   s t a t u s  
I I l l  I I I 
I I l l  I I I 
I I l l  I I I 
I I l l  I I I 
I I l l  I I I 
I I l l  I I I 
L I I I "I" I I 

I I I I I  I I 
) 5 ) 6 1 7 1 8 1 9 1 1 0 1 1 1 1 1 2 )   s u b c o m m u t a t e d   s t a t u s   f o r  S . I . = o  

T a b l e   A 2 . 6 A . 1 0   S u b c o r n m u t a t e d   S t a t u s  ( S I = 2 )  

B i t ( s )   M e a s u r e m e n t   C o n t e n t s  

* I  

.............................. 

""""""""" I 5 I L E 1  P r e - A M P   P o u e r   S t a t u s   1 0 = P o u e r  On 
I I I l = P o u e r   o f f  I 

I """""""" I 6 l L E 2  P r e - A m p   P o u e r   S t a t u s   I O = P o u e r   o n  
I I  I I [ l = P o u e r   o f f  I 

I l l  I I l l = P o u e r   o f f  I 
I I I """""" I 8 ( L E 4  P r e - A m p   P o u e r   S t a t u s   l O = P o u e r   o n  
I I I I  I I l l = P o u e r   o f f  I 
I I I I """""I 9 l n o t   u s e d  I I 
I I I I I """_ 1 1 0  I L E 5  P r e - A m p   P o u e r   S t a t u s   I o = P o U e r  On 
I I I I I  I I I l l = P o u e r   o f f  I 
I I I I I  I "- ( l l - 1 2 l n o t   u s e d  I 
I I I I I  1 - 1 -  
I I I I I  I I  I 

I 

I 

I I """"""" I 7 l L E 3  P r e - A m p   P o u e r   S t a t u s   1 0 - P o u e r   o n  I 

I 

I 

I 

1 5 1 6 1 7 ) 8 1 9 1 1 0 1 1 1 1 1 2 (   s u b c o m m u t a t e d   s t a t u s   f o r  S . I . = 2  
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T a b l e   A 2 . 6 A . 1 0   S u b c o n m u t a t e d   S t a t u s   t S I = 6 )  

B i t t s L   M e a s u r e m e n t   C o n t e n t s  
.......................... 

""""_"""""""I 5 - 6   l n o t   u s e d  l o  I 
I """"""""""I 7 I U D S T P  mode I Ornorma 1 I 
I I  I I l l = m o d e   d e l e t e d  I 
I I """""""""I 8 I T R P L  mode 1 O=norma l I 
I I I  I I I l = m o d e   d e l e t e d  . I 
I I I """"""""I 9 I n o t   u s e d  I O=norma 1 I 
I I l l  I I l l = m o d e   d e l e t e d  I 
I I I I """"""_ I 1 0  I D U B L  mode I O=norma l 
I I l l  I I I I l = m o d e   d e l e t e d  I 
I I I I I """"" I 1 1  I L E T  B I O=norma 1 
I I l l  I I I I I l = m o d e   d e l e t e d  I 
I I I I I I """_ I 1 2  I U D P E N  mode I O=norma l I 
I I l l  I I I I I i l = m o d e   d e l e t e d  I 
I I l l  I I I 

I I I I I  I I I 

I 

I 

1 5 1 6 1 7 1 8 1 9 1 1 0 1 1 1 1 1 2 (   s u b c o m m u t a t e d   s t a t u s   f o r  S . I . = 6  

T a b l e   A 2 . 6 A . 1 1   S u b c o m m u t a t e d   S t a t u s  ( S I = 8 )  

B i t t s )   M e a s u r e m e n t   C o n t e n t s  
"""""""""""""""""""""""""- 

I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I  5 1 ~ ~ 3  t e r m s  I O=norma 1 I 

I I I l = t e r m   d e l e t e d  I 
I """-"""""_""I 6 l L B 2   t e r m s  
I I  

I 
I I l l = t e r m   d e l e t e d  I 

I I """"""""""I 7 l n o t   u s e d  l o  I 
I I I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I  8 1 ~ ~ 3  t e r m s  
I I I I  I 

I 
I I l l t e r m   d e l e t e d  I 

I I I I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I  9 1 ~ ~ 4  t e r m s  
I 

I 
I I I I I  I l l r t e r m   d e l e t e d  I 
I I I I I """"""_ I 1 0  I L E l / B 2   t e r m s  I O=norma t I 
I I I I I  I I I l l = t e r m   d e l e t e d  I 
I I I I I I """"" I 1 1  ILE2/B1   t erms  I O=norma 1 I 
I I I I I  I I I I l l = t e r r n   d e l e t e d  I 
I I I I I I I """_ I 1 2   I L E l / A 2   t e r m s  I Ornorma t I 
1 1 1 1 1  I I I I I l l = t e r m   d e l e t e d  I 
1 1 1 1 1  I I I 

I Ornorma l 

I O=norma 1 

I O=norma t 

1 5 1 6 1 7 1 6 1 9 1 1 0 1 1 1 1 1 2 1   s u b c o m m u t a t e d   s t a t u s   f o r  S . I . = 8  
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Table A2.6A.12 Subcommutated  Status  (S I=12)  

B i t  f s l  Measurements Contents  

5-0 no t   u sed  0 

9 

O=power on LB1 Pre-amp Power S t a t u s  12 

O=power on LB2 Pre-amp  Power S t a t u s  11 

O=power on LB3 Pre-amp Power S t a tus  10 

O=power on LB4 Pre-amp Power S t a t u s  
l = D o w e r  o f f  

l = D o w e r  o f f  

l=power off 

l=power off 

subcommuta ted   s ta tus   for   S . I .=12  

Table A2.6A.13 Subcommutated  Status  (SI=13) 

B i t  l sl Measurements  Contents 

5 

no t   u sed  7- 

O=normal C a l / S t i m  disable  6 
l=command received command received 
O=command n o t   r e c e i v e d  redundant  High Voltage 

l = d i s a b l e d  
0 

10 I I 
11 IAuto  Gain command IO=auto   ga in   no t  commanded I l = a u t o   a a i n  commanded 

l = h i a h  a a i n  commanded 
12 Orh igh   ga in   no t  commanded High  Gain command 

subcommuta ted   s ta tus  €or S . I . = 1 3  

e 

A2.6A.0 Telemetrv Mode Chanaes. Upon a p p l i c a t i o n  of system power, t h e  H I C  
s h a l l   c o n f i g u r e   i t s e l f  t o  a state where o n l y   s t a t u s   t e l e m e t r y  is 
v a l i d .  

Commanded t e l e m e t r y  mode changes are processed once per minor frame. 
Mode changes w i l l  occur  a t  t h e  n e x t  RTI. 
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A2.6B 

A2.6B.1 

A2.6B.2 

A2.6B.2.1 

EXTREME ULTRAVIOLET SUBSYSTEM TELEMETRY. These  paragraphs  de- 
s c r i b e   t h e  format and content of t h e  EW output.  

EUV SDin  Packet .  The Galileo EUV s p i n   p a c k e t  i s  d e s c r i b e d   i n  
T a b l e  A2.6B.1. 

D i a i t a l   S t a t u s .  The first twelve  bytes   requested from t h e  E W  by 
CDS a t  t h e   s t a r t  of each  major f r a m e   s h a l l   c o n s i s t  of a f i x e d  
format  packet of d i g i t a l   s t a t u s .  (see table   A2.6B.2)  

A2.6B.2 .1 .1   Svnchronizat ion  Pattern.  The f i r s t  t w o  b y t e s  of t h e   d i g i t a l  
s t a t u s   p a c k e t  are a f i x e d   p a t t e r n  meant t o  g i v e  a 'synchroniza-  
t i o n '   p a t t e r n   s h o u l d   t h e   m i c r o p r o c e s s o r  lose s p a c e c r a f t  time. 
This   pat tern is defined t o  be 7E ( h e x ) .  (Chosen  because  the  pixel 
a t  7E is not  used, SO address  data w i l l  never  be 7 E ) .  

A2.6B.2.1.2 Discrete Diaital S t a t u s  w. T h i s   b y t e   s h a l l   i n d i c a t e   t h e   c u r -  
r e n t  mode of t h e  EUV Channel. I t  u s e s   o n e   b i t  t o  i n d i c a t e   t h e  
current  mode, t h r e e   b i t s   f o r   t h e  High Voltage c o n t r o l ,  or  four  
s t a t u s   b i t s .   T a b l e   A 2 . 6 B . 2   d e s c r i b e s   t h i s   b y t e   i n  more d e t a i l .  
T h i s   b y t e   s h a l l   b e  a r e f l e c t i o n  of t h e  most r e c e n t l y   i s s u e d  EUV 
Channel Command S igna l s .  

A2.6B.2.1.3 RIM Counter .   These   three   by tes   sha l l   ind ica te   the   current  major 
frame (RIM) counter.   I ts   purpose  here is  to make t h e  EUV teleme- 
try   packet  self contained. 

A2.68 .2 .1 .4   Sector  Size S t a t u s .   T h i s   b y t e   s h o u l d   b e  a copy of t h e  commanded 
sector s i ze .  I t   i n d i c a t e s   t h e  number of 20.8 mi l l i second  per iods  
per sector. 

A2.6B.2.1.5 Number o f  S e c t o r s  Per Intearat ion  per iod.   This   byte   should   be  a 
copy of t h e  commanded  number of sectors. 

A2.6B.2.1.6  Software  Accumulators. Two separate  buffers,  each 16 b i t s   w i d e ,  
shal l   be   updated  internal  to  t h e  E W  instrument. The first buffer  
contains  registers for each of t h e  sectors i n   t h e  commanded mode. 
Each of t h e s e  registers are incremented  whenever a photon of any 
wavelength i s  d e t e c t e d   w i t h i n   e a c h  sector. The s e c o n d   b u f f e r  
contains  128 registers for each of t h e  128 p i x e l s ,  and each regis- 
ter w i l l  be  incremented  whenever a photon i s  d e t e c t e d   b y  its  
a s s o c i a t e d   p i x e l ,   r e g a r d l e s s  of t h e  Sector. (See  Figure  A2.6B.1).  
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A2.6B.2.1.6.1 Sec to r  A c c u m u l a t o r  Address. T h i s  i s  t h e  addres of t h e  
sector b e i n g  read o u t   i n   t h e   n e x t  t w o  b y t e s .   T h i s   a d d r e s s  w i l l  be 
set t o  zero  whenever  t h e  E W  receives a new command. O t h e r w i s e  it 
w i l l  s imply roll modulo t h e  commanded number o f  sectors. 

A2.6B.2.1.6.2 Sector Accumulator Data. These  two  bytes  are t h e  number of 
photons   accumula ted   in  t h e  s e c t o r  addressed i n   t h e  Sector Accumu- 
l a tor  Address. These  registers are cleared only  upon microproces- 
sor i n i t i a l i z a t i o n .  

A2.6B.2 .1 .6 .3   Wavelena th   In teara tor  Address. T h i s  i s  t h e   a d d r e s s  of t h e  
n e x t   P i x e l   ( w a v e l e n g t h )  t o  be r e a d   o u t .  Note t h a t   t h e   a c t u a l  
i n t e g r a t i o n   b y t e s  are p a r t   o f  t h e  s p i n   p a c k e t  which occurs   approx-  
i m a t e l y  three times per major f r a m e ,   t h u s   a l l o w i n g  t h e  s e c t o r  
a c c u m u l a t o r   r e a d o u t  t o  more c l o s e l y   m a t c h  t h e  wave leng th   r eadou t  
(Nomina l ly   t he re  w i l l  be 25 or  less s e c t o r s ) .   T h e s e  registers are 
also cleared o n l y  a t  microprocessor i n i t i a l i z a t i o n .  

A2.6B. 2.2  SDin Packets. T h e   s p i n  packets s h a l l  c o n t a i n   a n  ' F E '  Hex s y n c  
p a t t e r n ,  t w o  b y t e s  of w a v e l e n g t h   i n t e g r a t i o n  data ,  and  t w o  b y t e s  
c o n t a i n i n g  t h e  minor frame (MOD91) coun te r   and  R T I  (MOD10) c o u n t e r  
i n   w h i c h   i n t e g r a t i o n  started f o r  t h i s  r e v o l u t i o n .   T h e s e  w i l l  be 
fol lowed  by a v a r i a b l e  number o f   p i x e l  address b y t e s   i n d i c a t i n g  a 
photon h a s  been detected i n   t h a t   p a r t i c u l a r   p i x e l   a n d  sector. 

A2.6B.2.2.1  Wavelenath  Intearat ion Data. The second  and t h i r d  b y t e s  of a Spin  
P a c k e t   c o n t a i n  t h e  h i g h  order, t h e n  t h e  l o w  order, of t h e   1 6  b i t  
accumulated data for  t h e  c u r r e n t   p i x e l  (as d e f i n e d   i n  t h e  d i g i t a l  
housekeeping packet). 

A2.6B.2.2.2 Soin I n t e a r a t i o n  S t a r t  T i m e .   T h e   f o u r t h   a n d   f i f t h   b y t e s  of e a c h  
s p i n   p a c k e t   c o n t a i n   t h e   m i n o r   f r a m e  ( M O D 9 1 )  c o u n t e r   a n d   R T I  
(MOD10) c o u n t e r   r e s p e c t i v e l y ,   d u r i n g   w h i c h   i n t e g r a t i o n  started on 
t h i s  r e v o l u t i o n .  

A2.6B.2.2.3  Pixel Address In fo rma t ion .   In  order t o  meet te lemet ry   bandwidths ,  
it h a s   b e e n  decided t o  s e n d  t h e  7 b i t  address i n f o r m a t i o n  down 
whenever a pixel d e t e c t s  a photon or background  count.  See Table  
A2.6B.1 f o r  a d e s c r i p t i o n   a n d   d i s c u s s i o n   r e l a t i n g  t o  t h e  S p i n  
P a c k e t s .  
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\ 
\ Bit*  \ 
Byte \ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

T a b l e  A2.6B.1. E W  Spin  Packets  Description 

MSB 
1 2 
" 

0 1 

* I 1  
" 

FAST 
FLAG MUX 

126 

3 

1 

1 

SPIN 
BUFFER 
OVERFL 

1 

127 
FLAG 

5 

1 

Mode 

6 

1 

HVPS 
MSB 

7 

1 

1 

HVPS 

8 

0 

~ 

0 

HVPS 

RIM Counter MSByte 

RIM Counter 

RIM Counter LSByte 

Sec tor   S i ze  

Number of Sectors 

Sector Accumulator  Address 

Sector Accumulator Data (MSByte) 

Sector Accumulator Data (LSByte) 

Wavelength Integration  Address 

297c Change 1: 0 8 / 0 1 / 8 9  
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Table  A2.6B.2. E W  Housekeeping TLM Format Descriptions 

BJ& B i t  Is)* Description 

1 , 2  1 - 8  Fiducial  - These w i l l  each  be 7E hex. 

3 1 

3 

3 

3 

2 

3 

4 

3 5 

3 6 - 0  

4 1 - 8  

5 1 - 8  

6 1 - 8  

7 1 - 8  

Change 1: 08/01/89 

Fast Mux  Mode 
0 = Normal 1 step/RIM ' 

1 = F a s t  Mux 1 step14 minor frames 

126  Flag - ind ica tes  whether p i x e l  126 
has  been act ive  during  the  preceding 
major  frame 

0 = i n a c t i v e  
1 = a c t i v e  

Spin  Buffer  Overflow - i n d i c a t e s   i f   d a t a  
has  been lost in   the   preced ing  major 
frame due to  high  count  rates.  

0 = no overflow 
1 = overflow  (data lost) 

127 Flag - ind ica tes  whether p i x e l  127 
has  been act ive  during  the  preceding 
frame. 

0 = i n a c t i v e  
1 = a c t i v e  

E W  Channel Mode 
0 = Pulse  Integration Mode 
1 = Pulse  Counting Mode 

E W  High Voltage Control 

001 - 111 = Discrete HV Steps 
000 = High Voltage O f f  

RIM Counter (MSByte) - This is a copy 
of t h e  upper  8 b i t s  of t h e  24 b i t  RIM 
Counter. I t  is included  here to  make 
t h e  E W  TM Data se l f   contained.  

RIM Counter - This i s  the  middle 8 
b i t s  of t h e   2 4   b i t  RIM Counter. 

RIM Counter - This is t h e  lower 8 b i t s  
of t h e  24 b i t  RIM Counter. 

Sec tor   S i ze  - Ind ica tes   the  number o f  
20.8  mil l iseconds  period for each 
sector. 
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Table A 2 . 6 B .  (Cont inued)  

8 1 - 8  Number o f  Sectors - I n d i c a t e s  t h e  
number of sectors before i n t e g r a t i o n  
e ta r t s .  

9 1 - 8  

10,11 1 - 8  

12 1 - 8  

Sector I n t e g r a t o r  Address - I n d i c a t e s  
t h e  sector address of t h e  Sector Data 
t h a t  follows i n  t h e  n e x t  t w o  b y t e s .  

Sector I n t e g r a t o r  Data - The  accumulated 
number of   photons  of any detected wave- 
l e n g t h   i n  t h i s  sector s i n c e  t h e  las t  
read-out .   Byte  10 w i l l  be t h e  p s  b y t e .  

W a v e l e n g t h   I n t e g r a t o r  Address - I n d i c a t e s  
wavelength address ( p i x e l )  of t h e  
i n t e g r a t e   w a v e l e n g t h  data t h a t  f o l l o w s  
i n  t h e  n e x t   s p i n  packet. 

* B i t  numbering  convent ions are per GLL-3-290. 
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A 2 . 7  MAGNETOMETER  SUBSYSTEM  TELEMETRY 

A 2 . 7 . 1  

T i t l e  

Data O f f s e t  

B i t s l p a c k e t  

D e s c r i p t i o n  

These paragraphs describe t h e  format a n d   c o n t e n t  of t h e   o u t p u t  of t h e  
Magnetometer  Subsystem. 

A 2 . 7 . 2  

MAG P a c k e t .  T h e  s c h e m a t i c  of a MAG P a c k e t  i s  s h o w n   i n  
F i g u r e  A 2 . 7 . 1 .  One packet  is  placed i n  each LRS frame. 

I n s t r u m e n t  
s t a t u s  

0 

16 

A 2 . 7 . 3  

1st S c i e n c e  

112 64 16 

Sample Sample Sample 
3 r d   S c i e n c e  2nd   Sc ience  

48 48  48 

A 2 . 7 . 4  A 2 . 7 . 6   A 2 . 7 . 5  

F i g u r e  A 2 . 7 . 1  MAG Packet 

I n s t r u m e n t   S y n c h r o n i c i t y .   T h e   c o n t e n t s  of t h e  MAG Packet c a n  be 
u n i q u e l y   d e t e r m i n e d   f r o m   t h e  data w i t h i n  t h e  p a c k e t   a n d  t h e  SCLK 
Mod 9 1  count.   The MAG Synchron iza t ion   Index  is equal t o  t h e  SCLK 
Mod 9 1  count .  

A 2 . 7 . 3  I n s t r u m e n t   S t a t u s .   T h e   c o n t e n t s  of t h e  I n s t r u m e n t   S t a t u s   s e c t i o n  are 
t w o  b y t e s  of s u b c o m m u t a t e d   a n a l o g   a n d   d i g i t a l   s t a t u s   v a l u e s .   T h i s  
is  shown i n   T a b l e  A 2 . 7 . 1 .  T h e   p o s i t i o n s  are shown r e l a t i v e  t o  
s y n c h r o n i z a t i o n   i n d e x   i n   T a b l e  A 2 . 7 . 2 .  

T a b l e  A 2 . 7 . 1  I n s t r u m e n t   S t a t u s  (MSB is  b i t  1) 

B i t l s )  Measurement  Contents 

""""" 

I 
/ 1 l 2 l 3 1 4 1 5 1 6 l 7 l s l (  

""""" 

1-8 8 MSB's of Most s i g n i f i c a n t  8 
b i t s  of subcommu- 

s t a t u s  data.  
data t a t e d   i n s t r u m e n t  
subcommutated 

MAG 

- 
1-8 

- 
MAG 

Byte X 1  

L e a s t   s i g n i f i c a n t  0 

s t a t u s  data. 
data ta ted i n s t r u m e n t  
subcommutated bits of subcommu- 
0 LsB's  of 

Byte X2 
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T A B L E  A 2 . 7 . 2  I n s t r u m e n t   S t a t u s   S u b c o m m u t a t e d   D a t a  

S I  - M E A S U R E M E N T   C O N T E N T S  
"""""""""""""""""""""""""-""""-"----- 

I I 
I 0 I C u r r e n t   S c a l e   F a c t o r  ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 =  I n b o a r d   s e n s o r  1. 

I h i g h  ( 2 1 6  KnT) I 
I I ~OOOOOOOOOlOOOOOO= I n b o a r d   s e n s o r 1  
I I I l o w   o r   o u t b o a r d   s e n s o r   h i g h  I 

I I ~OOOOlOOOOOOOOOOO=Outboard s e n s o r  

I I ~ 1 0 1 0 x x x x x x x X x X X X =  O u t b o a r d   s e n s o r 1  

I I IxxxxxxXxOlOlXXXX= I n b o a r d   s e n s o r  I 

I I IxxXxXxXXlOlOXXXX= I n b o a r d   s e n s o r  I 

I I ( x x x x O l O l x x x X x X X X =  O u t b o a r d   s e n s o r (  

I I )xxxx101OXXxXXXXX= O u t b o a r d   s e n s o r 1  

I I I x x x x x x X x x X x X O l O l =  I n b o a r d   s e n s o r  I 

I J x x x x x x x x x x x x 1 0 1 0 =  I n b o a r d   s e n s o r  I 

I I lOOOll l lOxXxXXXXX= O u t b o a r d   s e n s o r 1  

I I ~ x x x x x x x x 1 1 1 0 0 0 0 1 =  I n b o a r d   s e n s o r  I 

I I ~ x x x x X x x X 0 0 0 1 1 1 1 0 =  I n b o a r d   s e n s o r  I 

I I l O o O l l l l O x x x X x X X X =  O u t b o a r d   s e n s o r 1  

I I ~ x x x x x x x x 1 1 1 0 0 0 0 1 =  I n b o a r d   s e n s o r  I 

I I ( x X x x x x x x 0 0 0 1 1 1 1 0 =  I n b o a r d   s e n s o r  I 

I I ( 2 5 1 2  n T )  

I ( A L L  O T H E R S   A R E   N / A  

I 

I 
I 
I 
I 

I 

I 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I 
I 

I 

I 

I 

I 
I 
I 

I 

I I 
I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 
I 

I I 

I I 

I I 

I I 
I 

I I 

I I 

I I 

I I 
I I 
I 

I l o w  ( ~ 1 6  nT1 

I 1 I M A G  s e l e c t   a n d   g a i n  se lect (OlOlXXXXXXXXXXXX(*)= O u t b o a r d  
I s e n s o r   o n  

I o f f  

I o n  

I o f f  

I g a i n   h i g h  

I g a i n  Low 

I g a i n   h i g h  

I g a i n  low 
( A L L  O T H E R S   A R E   N / A  

I 2 I C u r r e n t   f l i p   p o s i t i o n s  )11100001XXXXXXXX= o u t b o a r d   s e n s o r !  
I f l i p p e d   r i g h t  

I f l i p p e d   l e f t  

I f l i p p e d   r i g h t  

I f l i p p e d   l e f t  
I I A L L  O T H E R S   A R E   N / A  

I 3 I L a s t   f l i p  command ( 1 1 1 0 0 0 0 1 x x x X x X X X =  O u t b o a r d   S e n s o r 1  
I c o m m a n d e d   r i g h t  

I commanded  l e f t  

I c o m m a n d e d   r i g h t  

I commanded  l e f t  

I 
I ( A L L  O T H E R S   A R E   N / A  

( * )  w h e r e  X i s   i r r e l e v e n t  

299 



GLL-3-280 Rev. D 

T A B L E  A 2 . 7 . 2  I n s t r u m e n t   S t a t u s   S u b c o n m u t a t e d   D a t a  

- S I  M E A S U R E M E N T  CONTENTS """""""""_"""""""""""""""""""""""""" 
I 4 I C a l i b r a t e   e n a b l e / f l i p  ~XXXXXXXXOlOlOlO1= C a l i b r a t e   p o u e r   o n  I 
I I p o w e r   e n a b l e  ~XXXXXXXX10101010= C a l i b r a t e   p o u e r   o f f 1  
I I )0000100OXXXXXXXX= F l i p p e r   p o u e r  I 
I I I o n   ( s t a r t ,   f l i p p e r   p o w e r  I 
I I I d e c r e m e n t s   f r o m  1000 t o  0 0 0 0 .  
I 

. I  
I I A s t e p   o c c u r s   a t   e v e r y  M O D  91 I 

I I I c o u n t )  I 
I I ~ O O O O O O O O X X X X X X X X =  F l i p p e r   p o u e r   o f f  I 
I I I A L L  O T H E R S  A R E  N / A  I 
I 5 I G a i n  1 1 - 2  t o  + 1 . 9 9 9 9 3 9  I 
I 6 I G a i n  2 1 - 2  t o  + 1 . 9 9 9 9 3 9  I 
I 7 I G a i n  3 1 - 2  t o  + 1 . 9 9 9 9 3 9  I 
I 8 I O f f s e t  1 I F i e l d   U n i t s  I 
I 9 I O f f s e t  2 I F i e l d   U n i t s  I 
I 10 I O f f s e t  3 I F i e l d   U n i t s  I 
I 1 1  I R o t a t i o n  1 1  I - 1  t o  + 0 . 9 9 9 9 6 9 5  I 
I 1 2  I R o t a t i o n  12 I - 1  t o  + 0 . 9 9 9 9 6 9 5  I 
I 13 i R o t a t i o n  13 I - 1  t o  + 0 . 9 9 9 9 6 9 5  I 
I 14 I R o t a t i o n  21 I - 1  t o  + 0 . 9 9 9 9 6 9 5  ' I 
I 1 5  I R o t a t i o n  22 I - 1  t o  + 0 . 9 9 9 9 6 9 5  I 
I 16  I R o t a t i o n  23 1 - 1  t o  + 0 . 9 9 9 9 6 9 5  I 
I 17 I R o t a t i o n  31 I - 1  t o  + 0 . 9 9 9 9 6 9 5  I 
I 18  I R o t a t i o n  3 2  I - 1  t o  + 0 . 9 9 9 9 6 9 5  
I 19 I R o t a t i o n  33 I - 1  t o  + 0 . 9 9 9 9 6 9 5  
I 20 I D e s p i n   s t a t u s  lOlOlOtOlx%XXXXXX= D e s p i n   o n  1 

I 
I 

I I ~10101010XXXXXXXX= D e s p i n   o f f  t 
I 1 [ A L L  OTHERS A R E  N / A  I 
I 21 I S / C  t i m e  I 16 MSB's   o f  R I M  I 
I 22 I S / C  t i m e  I 8 L S B  o f  R I M .  a n d  M O D  91 c o u n t  I 
I 23 I S p i n   a n g l e  1 s p i n   a n s l e  a s  r e c e i v e d   f r o m  CDS I 
I 24 I S p i n   d e l t a   a n g l e  I s p i n   d e l t a   a s   r e c e i v e d   f r o m  C D S  I 
I 2 5  I X w . .  a t  21 I F i e l d   U n i t s  I 
I 26 1 Yh+++I a t  21 I F i e l d   U n i t s  I 
I 27  I ZI-?.., " I  ." a t  21 I F i e l d   U n i t s  I 
I 28 I C a l i b r a t i o n   c o i l  ( 0 1 0 ~ 0 1 0 1 x x x x x x x x =  o n  I 
I I ~ 1 0 1 0 1 0 1 0 x x x x x x x x =  o f f  I 
I ! A L L  OTHERS A R E  N / A  I 

I I s n a p s h o t   d a t a   s t a t u s  I a v e r a g e r   o n  I 
I I ~ ~ O ~ o ~ O ~ o x x x x x x x x =  O p t i m a l  I 
I I I e v e r a g e r   o f f  I 
I I ~XXXXXXXX01010101= S n a p s h o t   d a t a  on I 
1 I ~XXXXXXXXlOlOlOlO= S n a p s h o t   d a t a   o f f  I 
I l A L L  OTHERS A R E  N / A  I 

I 
I 
I 
I 

I 2 9  I O p t i m a l   a v e r a g e r /  101010101XXXXXXXX= O p t i m a l  I 

I 3 0  I Memotv  keep  a l i v e   v o l t  I - 2 0  V .  t o  + 1 9 . 9 9 9 3 9 0 0  V 
I 31 I + 1 2  V o l t s  D C  1 - 2 0  V .  t o  + 1 9 . 9 9 9 3 9 0 0  V 
I 32  I + 1 0  V o l t s  D C  I - 2 0  V .  t o  + 1 9 . 9 9 9 3 9 0 0  V 
I 33  I - 1 2  V o l t s  D C  I - 2 0  V .  t o  + 1 9 . 9 9 9 3 9 0 0  V 

d) 

a 

(0 
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T A B L E  A 2 . 7 . 2  I n s t r u m e n t   S t a t u s   S u b c o m m u t a t e d   D a t a  

- S I  M E A S U R E M E N T  C O N T E N T S  

I 34 I R e f e r e n c e  V +  
""""""""~""""""""""""""""""""-"------- 

I 35 I R e f e r e n c e  Gnd I - 5  v .  t o  + 5  v .  I 
I 36 I T e m p e r a t u r e   E l e c t r o n i c s  I - 5  V .  t o  + 4 . 9 9 9 8 4 7 5  V .  I 

I 38  I - V  - c l i p  I - 5  V .  t o  + 4 . 9 9 9 8 4 7 5  V .  I 
1 3 9  I P a r i t y   e r r o r   c o u n t e r s  I MSBvte=H/U.   LSBYte=S/U ' I  
I 4 0  I X N F  I F i e l d   U n i t s  I 
I 4 1  I Y N F  I F i e l d   U n i t s  I 
I 4 2  I Z N F  I F i e l d   U n i t s  I 
I 43  I s p a r e  I I 
I 44 I s p a r e  I I 
I 4 5  I s p a r e  I I 
I 46 I D S P - C o n s t a n t  I I 
I 47 I A v e r  # I I 
I 48  I s p a r e  I I 
I 49  I s p a r e  I I 
I 5 0  I X ,  a v e r  I F i e l d   U n i t s  I 

I 
I 
I 
I 
I 

I 56 I 2,  a v e r  I F i e l d   U n i t s  I 
S i n  9 a v e r  I F i e l d   U n i t s  I 

I 58  I 2 ,  Cos 9 a v e r  I F i e l d   U n i t s  I 
I 5 9  I sYDare I I 
I 6 0  I R O M  c h e c k s u m   p o i n t e r  I 0 t o  4 0 0 0  I 
I 6 1  I R O R  c h e c k s u m  I L S B y t e s O   t o  2 5 5  I 
I 6 2  I R A M  c h e c k s u m   p o i n t e r  I 16384 t o  2 0 4 8 0  I 
I 6 3  I R A M  c h e c k s u m  1 LSByte=O t o  2 5 5  I 

I 
I 
I 

I - 2 0  V .  t o  + 1 9 . 9 9 9 3 9 0 0  V I 

I 37 I + v  - c l i p  I - 5  V .  t o  + 4 . 9 9 9 8 4 7 5  V .  I 

" 1 5 1  I x -  S i n  9 a v e r  I F i e l d   U n i t s  
I (. 2 X "  F i e l d   U n i t s  

I 5 4  I YI S i n  9 a v e r  I F i e l d   U n i t s  
I 55 I Y ,  C o s  9 a v e r  I F i e l d   U n i t s  

I 5 3  I Y ,  a v e r  I F i e l d   U n i t s  

* I 57 I *: 

I 64  I R O M  CKSUM ( P O R )  I C K S U M  S O 0 0 0  - SOFFF 

I 65 I R A M  CKSUM ( P O R )  I CKSUM $ 4 0 0 0  - S46FF 

I 6 6  I S / C  t i m e  I 16 MSB's  o f  R I M  

I 6 7  I S / C  t i m e  I 8 L S B   o f  R I M .  a n d  M O D  91 c o u n t  I 
I 6 8  I S p i n   a n g l e  I s p i n   a n g l e   a s   r e c e i v e d   f r o m  CDS I 
I 6 9  I S p i n   d e l t a   a n g l e  I s D i n   d e l t a  a s  r e c e i v e d   f r o m  C D S  I 
I 7 0  I x- a v e r  e t  6 6  I F i e l d   U n i t s  
I 7 1  I Y *., a v e r  e t  6 6  I F i e l d   U n i t s  
I 7 2  I z-.. a v e r   a t  66  I F i e l d   U n i t s  
I 7 3  I D a t a   b u f f e r   b e g i n n i n g  14800 ( H E X )  t o  4 D 0 0  ( H E X )  

I 7 4  I D a t a   b u f f e r  I F i e l d   U n i t s  

I 7 5  I D a t a   b u f f e r  I F i e l d   U n i t s  
I 7 6  I D a t a   b u f f e r  I F i e l d   U n i t s  
I 7 7  I D a t a   b u f f e r  1 F i e l d   U n i t s  

I 7 8  I D a t e   b u f f e r  I F i e l d   U n i t s  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

n 

I 

I I a d d r e s s  I 
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T A B L E  A 2 . 7 . 2   I n s t r u m e n t   S t a t u s   S u b c o m m u t a t e d   D a t a  

- S I  M E A S U R E M E N T  C O N T E N T S  

""""""""""""""""""""""""""""""-""" 
I 79 I D a t a   b u f f e r  I F i e l d   U n i t s  I 
I 8 0  I D a t a   b u f f e r  I F i e l d   U n i t s  I 
I 81 I D a t a   b u f f e r  I F i e l d   U n i t s  I 
I 8 2  I D a t a   b u f f e r  I F i e l d   U n i t s  I 
I 8 3  I D a t a   b u f f e r  I F i e l d   U n i t s  1 
I 8 4  I D a t a   b u f f e r  I F i e l d   U n i t s  I '  
I 8 5  I D a t a   b u f f e r  I F i e l d   U n i t s  I 
I 8 6  I D a t a   b u f f e r  I F i e l d   U n i t s  I 
I 8 7  I D a t a   b u f f e r  I F i e l d   U n i t s  I 
I 8 8  I D a t a   b u f f e r  1 F i e l d   U n i t s  I 
I 8 9  I D a t a   b u f f e r  I F i e l d   U n i t s  I 
I 9 0  I Command c o u n t e r  I S e t  t o   z e r o  a t  e a c h  I 
I I I P O R  I 
1 I I I 
I I I I 

A . 2 . 7 . 3 . 1   D a t a   S u f f e r   F o r m a t .   T h e   d ' a t a   p r o v i d e d   i n   t h e  O P T I M A L  A V E R A G I N G ,  and 
SNAPSHOT m o d e s   o f  the  m a g n e t o m e t e r  i s  s t o r e d   i n  a d a t a   b u f f e r  
p r o v i d e d   b e t u e e n   l o c a t i o n s   4 8 0 0 - 4 0 0 0 .   T h i s   d a t a   i n c l u d e s  t h e  c u r r e n t  
s t o r a g e   p o i n t e r ,   s t a r t  t i m e ,  s e c t o r   d a t a   a n d  2 0 0  v e c t o r   s a m p l e s  o f  
t h e   m a g n e t i c   f i e l d   i n  the  O P T I M A L  A V E R A G E R  M O D E .  I n   t h e  S N A P S H O T  
m o d e ,   t h e   d a t a   i s   s t o r e d   i n   r e v e r s e   o r d e r   d u e   t o   t i m i n g   r e s t r i c t i o n s  
i n  the  i n t e r r u p t   h a n d l i n g   r o u t i n e s ,   a n d   i n c l u d e s  t h e  s t a r t  t i m e  a n d  
2 1 0   v e c t o r   s a m p l e s .   F o r m a t   d e t a i l s   a r e   p r o v i d e d   i n   T a b l e   A . 2 . 7 . 3 .  
T h i s   d a t a   i s   r e a d   o u t   i n  16 1 6 - b i t   b l o c k s   o n c e   e a c h  MOD91 f r a m e   f r o m  
a d d r e s s   4 8 0 0 - 4 D O O   a n d   p l a c e d   i n   t h e   m a g n e t o m e t e r   s u b c o m m u t a t e d   d a t a  
f r o m   S i r 7 4   t h r o u g h  S 1 = 8 9 .  ( s e e  T a b l e   A . 2 . 7 . 2 ) .   I n   o r d e r   t o   c o l l e c t  
o n e   c o m p l e t e   b u f f e r  of d a t a ,   a p p r o x i m a t e l y  4 0  f r a m e s   m u s t   b e   r e a d .  
T h e   d a t a   r e a d o u t   c o n t i n u o u s l y   c y c l e s   b e t w e e n   a d d r e s s e s   4 8 0 0 - 4 0 0 0 .  

3 0 2  
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T A B L E  A . 2 . 7 . 3  M A G  D A T A  B U F F E R  C O N T E N T  

O P T I M A L  A V E R A G E R  S N A P S H O T  

""""""""~""""~"""""""~""""""""""----------------- I I 
I 
l l temory IMcmory 
I L o c a t i o n  I L o c a t i o n  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I .  I 
I I 

I 
I 

I 
I 

I 

I 

I 

I 

I 

1 4 8 0 0  8 MSB o f  X 0 T 1 4 8 0 0  8 LSB S e n s o r  3 d a t a  C! 1 '  

14801 8 LSB o f  X 0 T ( 4 8 0 1  8 MSB S e n s o r  3 d a t a  0 T 

( 4 8 0 2  8 MSB o f  Y 0 T 1 4 8 0 2  8 LSB S e n s o r  2 d a t a  C! T 

1 4 8 0 3  8 LSB o f  Y 0 T ( 4 8 0 3  8 MSB S e n s o r  2 d a t a  &l T 

1 4 8 0 4  8 MSB o f  2 0 T 14804 8 LSB S e n s o r  1 d a t a  C! T 

14805 8 LSB o f  2 0 T 14805 8 MSB S e n s o r  1 d a t a  &l T 

2 0 9  

I 2 0 9  

I 2 0 9  

I 2 0 9  

I 2 0 9  

I 2 0 9  

0 

0 

0 

0 

0 

0 

8 MSB o f  X 0 T 

8 LSB o f  X 0 T 

8 MSB o f  Y 0 T 

1 9 9  

1 9 9  

1 9 9  
14CAD 8 LSB o f  Y 0 T 

I4CAE 8 MSB o f  2 0 T 

J4CAF 8 LSB o f  2 il T 

I 1 9 9  

I 1 9 9  

I 1 9 9  
I 

I 

I 

1 4 ~ ~ 4  C u r r e n t   s t o r a g e   p o i n t e r  

14CFO 1 6  MSB o f  R I M  ( S C L K )  

14CF2 8 MSB o f  R I M  and MOD91 

I -  

I4CE6 

14CE7 

14CE8 

I -  

I 

I 

I 

I 

I 

I 
I 

I 

I 
I 

I4CE9 

)4CEA 

J4CEB 

14CF1 

14CF3 

I 

8 LSB S e n s o r  3 d a t a  0 T 0 

8 MSB S e n s o r  3 d a t a  &l T 0 

8 L S B  S e n s o r  2 d a t a  0 T 0 

8 MSB S e n s o r  2 d a t a  &l 1 0 

8 LSB S e n s o r  1 d a t a  0 T 0 

8 MSB S e n s o r  1 d a t a  &l T 0 

1 6  MSB o f  R I M  ( S C L K )  

8 L S B  o f  R I M  and MOD91 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I I 

14CF4 S / C  S e c t o r   D a t a  I I 

I n  t h e  l l O p t i m a l   A v e r a g e I I   m o d e   t i m i n g   b e t w e e n   v e c t o r s  i s  c o n t r o l l e d  b y  t h e  
A V E R A G E  # f o u n d   i n   S I 4 7   o f  the  i n s t r u m e n t   s t a t u s   d a t a .  T h e  t i m i n g  i s  a l w a y s  a 
m u l t i p l e   o f  t h e  M O D 9 1  t i m i n g   a n d  i s  d e f i n e d   b y  

s e c o n d .  
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A2 . 7 . 4  1st S c i e n c e   S a m p l e .  T h e  1st  S c i e n c e   S a m p l e   s e c t i o n   c o n t a i n s  3 ( 1 6  
b i t )   s a m p l e s   o f   s e n s o r   d a t a   c o l l e c t e d   e x a c t l y  1 M O D  91 c o u n t   p r i o r   t o  
t h e  SCLK M O D  91 c o u n t   o f   t h e  LRS f r a m e   t h e y   a r e   w i t h i n .   T h e  3 ( 1 6  
b i t )   s a m p l e s   a r e  3 m e a s u r e m e n t s   c o r r e s p o n d i n g   t o  t h e  X ,  Y ,  and Z 
a x i s ,   r e s p e c t i v e l y .  T h e   m e a s u r e m e n t s   a r e   o u t p u t   i n   f i e l d   u n i t s ,  
w h i c h   c a n   b e   c o n v e r t e d   t o   n a n o - t e s l a s   ( n T )   b y   d i v i d i n g   b y  t h e  s c a l e  
v a l u e   p r o v i d e d   i n  t h e  i n s t r u m e n t   s t a t u s  ( S I . 0 ,  T a b l e  A 2 . 7 . 2 ) .  

F i e l d n T  = ( F i e l d F U ) / S C A L E  ( * )  

( * )  SCALE s h a l l   b e   c o m m a n d a b l e   t o  a s e l e c t e d   v a l u e .  

E a c h   s a m p l e   i s  a 16 b i t   t w o ' s   c o m p l e m e n t   w o r d   w h i c h   r a n g e s   f r o m  - 
3 2 7 6 8  t o  + 3 2 7 6 7  

A 2 . 7 . 5  

A 2 . 7 . 6  

A 2 . 7 . 7  

2 n d   S c i e n c e   S a m D l e .  The 2 n d   S c i e n c e   S a m p l e   s e c t i o n   c o n t a i n s  3 ( 1 6  
b i t )   s a m p l e s   o f   s e n s o r   d a t a   c o l l e c t e d   a t  2 2 2 . 2 2  ms a f t e r   t h e  M O D  9 1  
c o u n t   p r i o r   t o  the  SCLK M O D  91 c o u n t   o f  t h e  LRS f r a m e   t h e y   a r e  
w i t h i n .  T h e  3 ( 1 6  b i t )   s a m p l e s   a r e  3 m e a s u r e m e n t s   c o r r e s p o n d i n g   t o  
t h e  X ,  Y ,  a n d  2 a x i s ,   r e s p e c t i v e l y .  T h e  m e a s u r e m e n t s   a r e   o u t p u t  i n  
f i e l d   u n i t s ,  w h i c h  c a n   b e   c o n v e r t e d   t o   n a n o - t e s l a s   ( n T )  b y  d i v i d i n g  
b y  the  s c a l e   v a l u e   p r o v i d e d   i n   t h e   i n s t r u m e n t   s t a t u s  ( S I = O ,  T a b l e  
A 2 . 7 . 2 ) .  

F i e l d n T  = ( F i e l d F U ) / S C A L E  

E a c h   s a m p l e  i s  a 16 b i t   t w o ' s   c o m p l e m e n t   w o r d  w h i c h  r a n g e s   f r o m  - 
3 2 7 6 8  t o  + 3 2 7 6 7  

3 r d   S c i e n c e   S a m D l e .  The 3 r d   S c i e n c e   S a m p l e   s e c t i o n   c o n t a i n s  3 ( 1 6  
b i t )   s a m p l e s   o f   s e n s o r   d a t a   c o l l e c t e d   a t  4 4 4 . 4 4  ms a f t e r  t h e  M O D  9 1  
c o u n t   p r i o r   t o  t h e  SCLK M O D  91 c o u n t   o f  t h e  LRS f r a m e   t h e y   a r e  
w i t h i n .   T h e  3 ( 1 6  b i t )   s a m p l e s   a r e  3 m e a s u r e m e n t s   c o r r e s p o n d i n g   t o  
the  X ,  Y ,  a n d  2 a x i s ,   r e s p e c t i v e l y .  The m e a s u r e m e n t s   a r e   o u t p u t   i n  
f i e l d   u n i t s ,   w h i c h   c a n   b e   c o n v e r t e d   t o   n a n o - t e s l a s   ( n T )   b y   d i v i d i n g  
b y  t h e  s c a l e   v a l u e   p r o v i d e d   i n  t h e  i n s t r u m e n t   s t a t u s  ( S I = O ,  T a b l e  
A 2 . 7 . 2 ) .  

F i e l d n T  = ( F i e l d F U ) / S C A L E  

E a c h   s a m p l e   i s  a 16 b i t  two's  c o m p l e m e n t   w o r d   w h i c h   r a n g e s   f r o m  - 
3 2 7 6 8  t o  + 3 2 7 6 7  

T e l e m e t r y  Mode  Chancres.  Upon t h e   a p p l i c a t i o n   o f   s y s t e m   p o u e r ,  M A G  
s h a l l   a u t o m a t i c a l l y   c o n f i g u r e   i t s e l f   t o  a s t a n d b y   m o d e .  M A G  d a t a  
p a c k e t s   w i l l   c o n t a i n   n o   v a l i d   d a t a   i n   t h i s   m o d e .  
Commanded t e l e m e t r y  m o d e   c h a n g e s   a r e   p r o c e s s e d   e v e r y  R I M .  
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e A 2 . 8  N E A R   I N F R A R E D  M A P P I N G  S P E C T R O M E T E R  SUBSYSTEM T E L E M E T R Y  

T h i s  p a r a g r a p h   d e s c r i b e s  t h e  f o r m a t   a n d   c o n t e n t   o f   t h e  N I M S  o u t p u t .  

A 2 . 8 . 1  NIMS L o u   R a t e   S c i e n c e   P a c k e t .  T h e  s c h e m a t i c   o f   t h e  N I M S  Low R a t e  
S c i e n c e   p a c k e t  i s  s h o u n   i n   F i g u r e   A 2 . 8 . 1 .  One N I M S  p a c k e t  i s  p l a c e d  
i n   e a c h  LRS f r a m e .  

I D i g i t a l   S t a t u s  8 I 
T i t l e  I A n a l o g   E n g i n e e r i n g  I 

D a t a   o f f s e t  I D I 

B i t s / p a c k e t  I 2 4  I 

D e s c r i p t i o n  I A 2 . 8 . 1   . 2  I 

""""""""""- 

I I 

I I 

I I 

I """""""_""" I 
F i g u r e   A 2 . 8 . 1  NIWS LRS P a c k e t  

A 2 . 8 . 1 . 1   I n s t r u m e n t   S y n c h r o n i c i t y .   T h e r e   u i l l   e x i s t   o n e   m a j o r   s y n c h r o n i s m  f o r  
t h e  N I M S  d a t a   o u t p u t   u i t h i n  t h e  LRS f r a m e .  T h e  S y n c h r o n i z a t i o n  I n d e x  
u i l l   b e   e q u a l   t o  t h e  SCLK M O D  9 1   c o u n t .  

A 2 . 8 . 1 . 2  LRS D i g i t a l   S t a t u s  & A n a l o g   E n a i n e e r i n s .  T h e  LRS D i g i t a l   S t a t u s  8 
A n a l o g   E n g i n e e r i n g   s e c t i o n  i s  3 b y t e s  o f  s u b c o m m u t a t e d   d a t a .   T a b l e  
A 2 . 8 . 1   g i v e s  t h e  c o n t e n t s   o f   e a c h  NIWS h o u s e k e e p i n g   w o r d ,   a n d   T a b l e  
A 2 . 8 . 2   g i v e s  t h e  s u b c o m m u t a t e d   p o s i t i o n s   o f   e a c h   o f   t h e   h o u s e k e e p i n g  
w o r d s .   A l l   s u b c o r n m u t a t e d   p o s i t i o n s   n o t   e x p l i c i t l y   c a l l e d   o u t   a n d  
d e s c r i b e d   a r e   s p a r e s .  As an  e x a m p l e ,   U o r d   # 1   ( m o d e   r e p e a t   c o u n t )   i s  
d e s c r i b e d   i n   T a b l e   A 2 . 8 . 1 .  T h e  p o s i t i o n  o f  t h e   w o r d   i n   t h e  N I M S  L R S  
p a c k e t  i s  ( s h o u n   i n   T a b l e  A 2 . 8 . 2 )  B y t e   1 ,   a n d   o c c u r s   u h e n   t h e  M O D  9 1  
c o u n t  i s  0 .  

T a b l e   A 2 . 8 . 1  LRS D i g i t a l   S t a t u s  & A n a l o g   E n g i n e e r i n g  (MSB i s  b i t  1 )  
B i t ( s )   M e a s u r e m e n t   C o n t e n t s  

""""_ ......................... 

1 1 - 8 l m o d e   r e p e a t   c o u n t :  I #  o f  t imes  t o   r e p e a t  I 
I I I P T A B  1 I t h i s   t a b l e   b e f o r e  I 

"""I ""- - I I I s w i t c h i n s   t o  P T A B  2 I 
u 

) 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 (  NIMS H o u s e k e e p i n g   U o r d  1 
"~"""""""""""""""""""""""- 

"""""""" I 1 l m i r r o r   o p e r a t i o n   b i t : ) l = m i r r o r  i s  s c a n n i n g  I 
I I I P T A B  1 i O = m i r r o r   i s   f i x e d  I I """"""" 1 2 [ a u t o b i a s   o p e r a t i o n   l l = a u t o b i a s   o f f  I 
I I  I l b i t :  P T A B  1 
I I  """_ 1 3 - 8 ) g r a t i n g   s t a r t  I I 
I I ""I "" I l o o s i t i o n :  P T A B  1 I I - I O Z a u t o b i a s   o n  I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  NlMS H o u s e k e e p i n g   U o r d  2 
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T a b l e   A 2 . 8 . 1  LRS D i g i t a l  S t a t u s  & A n a l o g   E n g i n e e r i n g  (MSB i s  b i t  1 )  

B i t t s )  U e a s u r e m e n t   C o n t e n t s  """"_ ( 1 - 8 1 g r a t i n g   d e l t a :  P T A B  1 l R  o f   s t e p s   g r a t i n g  w i l l  I 
"""I """ I l m o v e   a f t e r   m i r r o r   s c a n  I 

......................... 

I - 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  N I U S  H o u s e k e e p i n g   U o r d  3 

"""_" I l - 8 1 g r a t i n g   c y c l e   s t e p s :   l t o t a l  R o f   s t e p s   i n  I 
"""I """ I 1 P T A B  1 l s r a t i n s   c y c l e  I 

......................... 

"""I""" 

"""""""" 

""""_ 
"""I ""_ 

""""_ 
"""I """ 

N l U S  H o u s e k e e p i n g   U o r d  4 

1 1 - 8 j m o d e   r e p e a t   c o u n t :  I #  o f .   t i m e s   t o   r e p e a t  I 
......................... 

I ( P T A B  2 ( t h i s   t a b l e   b e f o r e  I 
I I I s w i t c h i n s   t o  P T A B  1 I 

N I U S  H o u s e k e e p i n g   U o r d  5 

I 1 I m i r . r o r   o p e r a t i o n   b i t : l l = m i r r o r  i s  s c a n n i n g  I 

I 2 l a u t o b i a s   o p e r a t i o n   l l = a u t o b i a s   o f f  I 
I I b i t :  P T A B  2 l O = a u t o b i a s  o n  
1 3 - 8 1 g r a t i n g   s t a r t  I I 

......................... 

I I P T A B  2 I O = m i r r o r   i s   f i x e d  I 

I 

I I D o s i t i o n :  P T A B  2 I 

N I M S  H o u s e k e e p i n g   U o r d  6 

l l - 8 1 g r a t i n g   d e l t a :  P T A B  Z l W  o f   s t e p s   g r a t i n g   w i l l  I 
......................... 

I I l m o v e   a f t e r   m i r r o r   s c a n  I 

N l U S  H o u s e k e e p i n g   U o r d  7 

I l - B l g r a t i n g   c y c l e   s t e p s :   l t o t a t  # o f   s t e p s   i n  I 
......................... 

I I P T A B  2 l g r a t i n g   c v c t e  I 

1 1  1 2 l 3 1 4 1 5 1 6 1 7 l 8 ~  N I U S  H o u s e k e e p i n g   U o r d  8 

""""_ ......................... 

1 1 - 8 1 g r a t i n g   p o s i t i o n   l p o s i t i o n s  0 - 2 5 ,  2 6 - 2 5 5  I 
"""I """ I I I a r e  N / A  I u 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  N I M S  H o u s e k e e p i n g   U o r d  9 """"_ ( 1 - 8 1 7 t h   b y t e  cmd b u f f e r  I 
......................... 

I 
"""I """ u 

/ 1 1 2 ! 3 ! 4 1 5 1 6 1 7 1 8 1  N I U S  H o u s e k e e p i n g   U o r d   1 0  
......................... 

.)"""" 1 1 - 8 1 6 t h  b v t e  cmd b u f f e r  I I 
"""I """ - 

1 1 ! 2 1 3 1 4 1 5 1 6 1 7 1 8 1  NIWS H o u s e k e e p i n g   U o r d  1 1  
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T a b l e   A 2 . 8 . 1  LRS D i g i t a l   S t a t u s  & A n a l o g   E n g i n e e r i n g  (MSB i s  b i t  1 )  

Bites) M e a s u r e m e n t   C o n t e n t s  

- - - - - - - """"""""""""""""""~""""-"" 
1 1 - 8 1 5 t h   b y t e  cmd b u f f e r  I I 

""" I """ - 
1 1  1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  N I M S  H o u s e k e e p i n g   U o r d   1 2  

- - - - - - - - ( 1 - 8 1 4 t h   b y t e  cmd b u f f e r  I 
""""""""""""""""""""""""~- I 

""" I """ u 
~ 1 / 2 ~ 3 ~ 4 1 5 1 6 1 7 1 8 ~  NlMS H o u s e k e e p i n g   U o r d   1 3  

- - - - - - - I l - 8 1 3 r d   b y t e  cmd b u f f e r  I 
.......................... I 

""" I """ u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 ~  NIMS H o u s e k e e p i n g . U o r d   1 4  

"""" - ( 1 - 8 1 2 n d   b y t e  cmd b u f f e r  I 
"""""""""""""""""""""-"----- I 

"""I ""- - u 
1 1 1 2 1 3 ~ 4 ~ 5 ~ 6 ~ 7 ~ 8 1  NIMS H o u s e k e e p i n g   U o r d   1 5  """"_ l l - 8 1 L S   b y t e  cmd b u f f e r  I I 

"""""""""""""""""""------------ 
"""I""" 
d 

1 1 i 2 i 3 1 4 1 5 1 6 1 7 1 8 1  NlMS H o u s e k e e p i n g   U o r d   1 6  

""""_ 1 1 - 8 1 N I M S   X a c t i o n   p a r ' i t y  l c o u n t   o f   b u s   p a r i t y  
"""I """ I l e r r o r  l e r r o r s   i n   t r a n s a c t i o n  I 

......................... I 

u 
~ 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 ~  N I M S  H o u s e k e e p i n g   U o r d   1 7  

""" "- I i - a ( e U s   p a r i t y   e r r o r  
"""""""""""""""""""""~"""- 

( c o u n t   o f  a l l  b u s   p a r i t y  I 
"""I """ I I l e r r o r s  u I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  NlMS H o u s e k e e p i n g   U o r d  18 

......................... """"- I 1 - 8 l D o w e r  S U D D ~ ~  i n D u t  I I O  t o   4 0 0  ma I 
"""I ""- - u 

1 1 1 2 1 3 ( 4 ( 5 1 6 1 7 ) 8 (  NlMS H o u s e k e e p i n g   U o r d  19 

......................... 

""" "- I l - 8 1 a v e   m i r r o r   d r i v e  I l o  t o   2 0 0  ma I 
"""I""" u 

) 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  NIMS H o u s e k e e p i n g   U o r d   2 0  
......................... """"_ I l - l l l a v e   a r a t i n a   d r i v e  I 10 t o   2 0 0  ma I 

"""I ""- - 
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T a b l e   A 2 . 8 . 1  LRS D i g i t a l  S t a t u s  L A n a l o g  E n g i n e e r i n g  (MSB i s  b i t  1 )  

B i t ( s )  Measurement  C o n t e n t s  
.......................... """"_ I l - 8 l r c f e r e n c e   v o l t a g e  I O  t o  2 4   v o l t s  I 

"""I""" 
I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 (  MlMS H o u s e k e e p i n g  Word 2 2  

"""""""" I 1 l h / w  p a r i t y   e r r o r   i n   l O = n o   e r r o r   d e t e c t e d  ' I  
I I l cmd  or  S / C  t ime h d r   I l = e r r o r   d e t e c t e d  I I """"""" I 2 ) m e m o r y   L o c a t i o n  I O = R O M  I 
I I  I l s t s t u s  I 1  = R A M  I I I """""_ 1 3 - 4 1 g a i n   s t a t e   I O O = g a i n  2 I 
I I  I I I  I O l = g a i n  4 I 
I I  I I I  1 1 0 = g e i n  3 I 
I I  I I l l l = g s i n  1 I I I I """" I 5 l e t e c t r o n i c s   c a l i b r e t e l O = c a l   o f f  I 
I I  I I I I I l = c a k  o n  I I I I I """ I 6 l o p t i c s   c a t   s t a t u s  l O = c a l  lamp o f f  I 
I I  I I I  I I I l = c a t  tamp on I 
I I  I I I  - - -  1 7 - 8 l c h o p p e r   s t a t u s  
I I  I I I  I I I  
I I  I I 1  I I I  l l O = c h o p p e r   o f f  I 
I I  I I I  I I 
11111111 

......................... 

IOOrchopper o n ,   s y n c h r o n . 1  
\ O l = c h o p p e r  o n ,   s y n c h r o n . 1  

I l l=ChODDer o n .   f r e e   r u n  1 

( 1 1 2 ! 3 1 4 ! 5 1 6 1 ? 1 8 )  NIMS H o u s e k e e p i n g   Y o r d   2 3  
.......................... 

"""""""" I 1 [ p a r i t y  e r r o r  i n  S / C   l O = n o   e r r o r   d e t e c t e d  I 
I I l t i m e   d a t a   I l = e r r o r   d e t e c t e d  I I """"""" 

I I  I l c o m m a n d   d a t a   l l r e r r o r   d e t e c t e d  I 1 I """""" 

I l l  I ( s y n c h r o n i z a t i o n   I l = c h o p p e r   n o t  i n  s y n c  u i t h (  
I l l  I I I R T I  I I I I """"" I 4 I A D C / M U X  e r r o r   ( O r o p e r a t i o n   n o r m a l  I 
I I I I  I I  
I I I I  I ! i n   a l l o t t e d   t i m e  I I I I I """" I 5 I f o r m a t t e r   e r r o r   I o = o p e r a t i o n   n o r m a l  I 
I I I I I   I I  l c o m p l e t e d   i n   a l l o t t e d  1 
I I I I I  I I l i n   a l l o t t e d   t i m e  I 
I I I I I """ I 6 I M O D  9 1   c o u n t   e r r o r   ) O = n o   e r r o r   d e t e c t e d  I 
I I I I I I  I I  I l r t r a n s m i t t e d  M O D  91 c o u n t ]  
I 1 1 1 1 1  1 1  ] d o e s   n o t   e q u a l   t h e  I 
I I I I I I  I I l i n t e r n a l  M O D  91 c o u n t  I 
I I I I I I "" 1 ? I M O D  1 0   c o u n t   e r r o r   l O = n o   e r r o r   d e t e c t e d  I 
I I I I I I I  I I  I l = t r a n s m i t t e d  M O D  10  I 
I I I I I I I  I I  l c o u n t   d o e s   n o t   e q u a l  t h e  I 
I I I I I I I  I l i n t e r n a t  M O D  1 0   c o u n t  I 

1 1 1 1 1 1 1 1  I I l l = n e w  cmd r e c e i v e d  I w 

I 2 I p a r i t y   e r r o r   i n  l O = n o   e r r o r   d e t e c t e d  I 

I 3 l c h o p p e r  I O = c h o p p e r   i n   s y n c   w i t h  R T I I  

I l = o p e r a t i o n   n o t   c o m p l e t e d  I 

I I I I I I I - -  I 8 lnew  command f l a g   l O = n o  cmd r e c e i v e d  I 

1 1 1 2 1 3 ! 4 1 5 1 6 1 7 1 8 (  NIMS H o u s e k e e p i n g   U o r d   2 4  
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T a b l e   A 2 . 8 . 1  LRS D i g i t a l   S t a t u s  8 A n a l o g   E n g i n e e r i n g  (MSB i s  b i t  1 )  

B i t ( s )  M I 4  C o n t e n t s  
""""""""""""""""------------------ 

"""""""" I 1 l c u r r e n t  P T A B  l O = P T A B  1 I 

"""" 1 2 - 8 1 s ~ a r e  I I 
I I ( l = P T A B  2 I 

I ""-1 "̂" u 
1 1 i 2 1 3 1 4 1 5 1 6 1 7 1 8 1  NIMS H o u s e k e e p i n g   U o r d   2 5  

"" ""_ I l - 8 l o p t i c s   c a l   s o u r c e  1 10 t o  1 0 0  ma 
......................... 

I 
"""I """ - 

1 1 i 2 1 3 1 4 l 5 1 6 1 7 i 8 )  NIMS H o u s e k e e p i n g   U o r d   2 6  

"""""_ .......................... 

) 1 - 6 l s p a r e s  I I 
1 7 - 8 i S i   c h a n n e l  MS b y t e  I I I "- 

""I "" I w 
( 1 1 2 ! 3 i 4 1 5 1 6 1 7 1 8 1  N I M S  H o u s e k e e p i n g   U o r d   2 7  

""""_ I 1 - 8 i S i   c h a n n e l  LS b y t e  
......................... 

1 I 
""" I """ 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  NIMS H o u s e k e e p i n g   U o r d   2 8  """""_ ) 1 - 6 i s ~ a r e s  I I 
I - - -  ( 7 - 8 1 1 n S b   c h a n n e l  HS b y t e  I 

........................... 

I 
""I "" I - 

1 1 i 2 ! 3 1 4 1 5 . 1 6 1 7 1 8 1  NIMS H o u s e k e e p i n g   U o r d   2 9  

""""- I 1 - 8 i l n S b   c h a n n e l  LS b y t e  I 
""""""̂""""""""""""""""""- 

I 
""" I """ u 

1 1 i 2 i 3 1 4 1 5 i 6 1 7 1 8 1  N I M S  H o u s e k e e p i n g   U o r d  3 0  """"_ ) l - 8 [ c h e c k  sum i R O H  c h e c k  sum I """"_""""""""""""""""""""~ 
"""I """ - 

1 1 1 2 1 3 1 4 ! 5 1 6 i 7 1 8 )  N I M S  H o u s e k e e p i n 9   U o r d   3 1  
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T a b l e  A 2 . 8 . 2  N l M S  LRS H o u s e k e e p i n g   U o r d   S u b c o r n m u t a t e d   P o s i t i o n s  

S u b c o r n m u t a t e d   P o s i t i o n s  

- Uord - M O D  91 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
15  
1 6  
1 7  
1 8  
19 
2 0  
21 
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
31 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
2 
1 
2 
1 
2 
1 
2 
2 
1 
1 
2 
1 
2 
1 

0 
0 
0 
1 
1 
1 
2 
2 
2 ,   5 - 9 0  
3 
3 
3 
4 
4 
4 
5 
5 
6 
7 
7 
8 
8 

1 0  
10  
1 1 - 6 5 ,   6 8 - 9 0  
1 6  
6 6  
6 6  
6 7  
6 7  
9 0  
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a A 2 . 8 . 2  NlMS H i q h  R a t e   D a t e   P a c k e t .  The s c h e m a t i c   o f   t h i s   p a c k e t  i s  shown i n  
F i g u r e   A 2 . 8 . 2 .  A t  d a t a   r a t e s   o f   2 8 . 8   k b p s ,   6 7 . 2   k b p s ,   a n d  1 1 5 . 2  
k b p s ,   o n e  NlMS h i g h  r a t e   p a c k e t  i s  p l a c e d   i n   e a c h   f r a m e   o f   d a t a   ( o n e  
f r a m e   e v e r y  H O D  1 0   c o u n t ) .  A t  d a t a   r a t e s   o f   4 0 3 . 2   k b p s   a n d  8 0 6 . 4  
k b p s ,   o n e  NIMS h i g h   r a t e   p a c k e t   i s   d i v i d e d   e q u a l l y  among 8 f r a m e s  
( o n e   f r a m e   e v e r y  M O D  8 c o u n t ) .  

T i t l e  

D a t a   o f f s e t  

B i  t s / p a c k e t  

D e s c r i p t i o n  

I D i g i t a l   S t a t u s  8 I B a c k g r o u n d  I S e n s o r  D a t a  
I A n a l o g   E n g i n e e r i n g  I I . I  

........................... 

I 

I I I I 
I 0 I 4 8  I 8 8  I 
I I I I 
I 4 8  I 4 0  I 6 8 0  I 
I I I I 
I A 2 . 8 . 2 . 2  I A 2 . 8 . 2 . 3  I A 2 . 8 . 2 . 4  I 
I I 1 I 

F i g u r e   A 2 . 8 . 2  NIMS H i g h   R a t e   D a t e   P a c k e t  

A 2 . 8 . 2 . 1   I n s t r u m e n t   S y n c h r o n i c i t y .  The NlMS h i g h  r a t e   d a t a   i s   s y n c h r o n i z e d  
o n l y   o n  a M O D  1 0  a n d  M O D  9 1   b a s i s .  

A 2 . 8 . 2 . 2  HRS D i g i t a l   S t a t u s  8 A n a l o g   E n s i n e e r i n q .  The HRS D i g i t a l   S t a t u s  6 
A n a l o g   E n g i n e e r i n g   s e c t i o n   c o n s i s t s   o f  6 b y t e s   o f   s u b c o m m u t a t e d   d a t a .  
T a b l e   A 2 . 8 . 3   g i v e s  t h e  c o n t e n t s   o f   e a c h  N l M S  h o u s e k e e p i n g   w o r d ,   a n d  
T a b l e   A 2 . 8 . 4   g i v e s   t h e   s u b c o m m u t a t e d   p o s i t i o n s   o f   e a c h   o f   t h e  
h o u s e k e e p i n g   w o r d s .   A l l   s u b c o m m u t a t e d   p o s i t i o n s   n o t   e x p l i c i t l y   c a k l e d  
o u t   a n d   d e s c r i b e d   a r e   s p a r e s .  As a n   e x a m p l e ,   U o r d   # 1   ( m o d e   r e p e a t  
c o u n t )  i s  d e s c r i b e d   i n   T a b l e   A 2 . 8 . 3 .  T h e  p o s i t i o n   o f   t h e   w o r d   i n   t h e  
N I M S  H i g h  r a t e   p a c k e t  i s  ( s h o w n   i n   T a b l e   A 2 . 8 . 4 )   B y t e   3 ,   a n d   o c c u r s  
u h e n   t h e  H O D  91 c o u n t  i s  0 t h r o u g h   9 0 ,  and t h e  M O D  1 0  c o u n t  i s  1 ,  and 
a g a i n   u h e n  t h e  U O D  1 0   c o u n t  i s  6 .  

T a b l e   A 2 . 8 . 3  HRS D i g i t a l   S t a t u s  & A n a l o g   E n g i n e e r i n g  (MSB i s  b i t  1 )  
B i t ( s )  M e a s u r e m e n t   C o n t e n t s  
......................... """"_ I l - B ( m o d e   r e p e a t   c o u n t :  I #  o f  times t o   r e p e a t  I 

I I ( c u r r e n t  P T A B  I t h i s   t a b l e  I 
"""I """ I I I I 

) 1 1 2 1 3 1 4 1 ' 5 1 6 1 7 1 8 (  N I H S  H o u s e k e e p i n g   U o r d  1 
......................... 

"""1""""- I 1 ( m i r r o r   o p e r a t i o n   b i t   1 1 - m i r r o r  i s  s c a n n i n g  I 
I I I lO=rnirror  i s  f i x e d  I I """"""" I 2 l a u t o b i a s   o p e r a t i o n   l l = a u t o b i a s   o f f  I 
I I  I l b i t   i O = a u t o b i a s   o n  I 
I I  """_ 1 3 - 8 l g r a t i n g   s t a r t  I I 
I I ""I "" I ( D o s i t i o n  I I 

0 
w 

1 1 1 2 1 3 1 4 1 5 i 6 1 7 1 8 )  NlMS H o u s e k e e p i n g  Word 2 

3 1 1  
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T a b l e  A 2 . 8 . 3  HRS D i g i t a l   S t a t u s  L A n a l o g   E n g i n e e r i n g  (WSB i s  b i t  1 )  
Bites). M e a s u r e m e n t   C o n t e n t s  

""""_ 
"""I """ 

""""_ - """I """ 

""""_ 
"""I""" 

""""_ 
"""I """ 

""""_ 
"""I""" 

1 I 

""""_ 
"""I """ 

""""_ 
"""I""" 

""""_ 
"""I""" 

""""_ 
u """I""" 

""""_ 
"""I """ 

I- 

1 1 - l l g r a t i n g   d e l t a  
......................... 

I #  o f   s t e p s   g r a t i n g  u i l t  I 
I I l m o v e   a f t e r  m i r r o r  s c a n  1 

N I M S  H o u s e k e e p i n g   U o r d  3 

l l - 8 1 g r a t i n g   c y c l e   s t e p s   l t o t a l  # o f   s t e p s   i n  
......................... 

I 
I I l a r a t i n a   c y c l e  I 
N I M S  H o u s e k e e p i n g   U o r d  4 

1 1 - 8 1 g r a t i n g   p o s i t i o n   l p o s i t i o n s   0 - 2 5 ,   2 6 - 2 5 5  I 
......................... 

I 1 I a r e  N / A  I 
N l M S  H o u s e k e e p i n g   U o r d  5 

I l - 8 l m i r r o r   p o s i t i o n  l p o s i t i o n s   0 - 1 9 ,   2 0 - 2 5 5  I 
"~"""""""""""""""""""""""- 

I I l a r e  N / A  I 
NIMS H o u s e k e e p i n g   U o r d  6 

l l - 8 1 7 t h   b y t e  cmd b u f f e r  I 
......................... 

I 

N I M S  H o u s e k e e p i n g   U o r d  7 

l l - 8 1 6 t h   b y t e  cmd b u f f e r  1 
"""."""""""""""""""""""""" 

I 

N I M S  H o u s e k e e p i n g   U o r d  8 

l l - 8 1 5 t h   b y t e  cmd b u f f e r  I 
......................... 

I 

N I M S  H o u s e k e e p i n g   U o r d  9 

l l - 8 1 4 t h   b y t e  cmd b u f f e r  I 
......................... 

I 

N I M S  H o u s e k e e p i n g   U o r d   1 0  

l l - 8 1 3 r d   b y t e  cmd b u f f e r  I 
......................... 

I 

N I M S  H o u s e k e e p i n g   U o r d  1 1  

l l - 8 1 2 n d   b y t e  cmd b u f f e r  I 
......................... 

I 

N I M S  H o u s e k e e p i n g   U o r d   1 2  
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T a b l e   A 2 . 8 . 3  HRS D i g i t a l   S t a t u s  8 A n a l o g   E n g i n e e r i n g  (MSB i s   b i t  1 )  
B i t ( s L  M e a s u r e m e n t   C o n t e n t s  

"""""_""""""""""""""""""--- """"_ l l - 8 l L S   b y t e  cmd b u f f e r  I I 

u """I """ 

l 1 ~ 2 ~ 3 ~ 4 ~ 5 1 6 1 7 ~ 8 (  NIMS H o u s e k e e p i n g   U o r d   1 3  

I 1 I h / w  p a r i t y   e r r o r   i n  ( O = n o   e r r o r   d e t e c t e d  
I l cmd  or   S /C t ime  h d r  I l = e r r o r   d e t e c t e d  I 
I i! l m e m o r y   L o c a t i o n  I O = R O M  I 

1 3 - 4 1 g a i n   s t a t e   1 0 0 = g a i n  2 I 

"""~"""""""""""""""""-"""" 
I 

I l s t a t u s  I 1  = R A M  I 

I I  I 0 1 = g a i n  4 I 
I I  ] l O = g a i n  3 I 
I I I l l = s a i n  1 I 
I 5 l e l e c t r o n i c s  c a l i b r a t e ( O = c a l   o f f  I 

I I  I I I I I l = c a l   o n  I I I I I """ I 6 J o p t i c s   c a t   s t a t u s   ) O = c a l   l a m p   o f f  I 
I I  I I I  I I J l = c a l  tamp  on I 
I I  I I I  - - -  1 7 - 8 l c h o p p e r   s t a t u s   J O O = c h o p p e r   o n ,   s y n c h r o n . 1  
I I  I I I  I I I  I O l = c h o p p e r   o n ,   s y n c h r o n . )  
I I  I I I  I I I  l l O = c h o p p e r   o f f  I 
I I  I I I  I I ( l l = C h O p p e r   o n .   f r e e   r u n  I 
11111111 

) 1 1 2 ! 3 1 4 1 5 1 6 1 7 1 8 1  N I M S  H o u s e k e e p i n g   U o r d   1 4  
"~"""""""""""""""""""""""--- 

"""""""" I 1 ) p a r i t y   e r r o r  i n  S / C  ) O = n o   e r r o r   d e t e c t e d  I 
I I l t i m e  d a t a  I """"""" I 2 l p a r i t y   e r r o r   i n   I O = n o   e r r o r   d e t e c t e d  I 
I I  I l command  data  I I """""" I 3 l c h o p p e r   ( O = c h o p p e r   i n   s y n c   u i t h  R T I  I 
I l l  I l s y n c h r o n i z a t i o n   I l = c h o p p e r   n o t  i n  s y n c  I 

1 1 - e r r o r   d e t e c t e d  I 

l l r e r r o r   d e t e c t e d  I 

I I ( u i t h  R T I  I 

I I  ( l = o p c r a t i o n   n o t   c o m p l e t e d  I 
I l i n   a l l o t t e d   t i m e  I 

I I  I l = o p e r a t i o n   n o t   c o m p l e t e d  I 
I I l i n   a l l o t t e d   t i m e  I 

I 1  ) l = t r a n s m i t t e d  M O D  91  I 
I I  l c o u n t   d o e s   n o t   e q u a l   t h e  I 
I l i n t e r n a l  M O D  91 c o u n t  I 

I I  I l r t r a n s m i t t e d  M O D  1 0  I 
I I  ! c o u n t   d o e s   n o t   e q u a l   t h e  1 
I [ i n t e r n a l  M O D  1 0   c o u n t  I 

I I l l = n e w  cmd r e c e i v e d  I 

I 4 I A D C / M U X  e r r o r   I O = o p e r a t i o n   n o r m a l  I 

I 5 I f o r m a t t e r   e r r o r   l o r o p e r a t i o n   n o r m a l  I 

I 6 ( M O D  91 c o u n t   e r r o r   ) O = n o   e r r o r   d e t e c t e d  I 

I 7 ( M O D  1 0   c o u n t   e r r o r   I O + n o   e r r o r   d e t e c t e d  I 

I 8 lncw  command f l a g   j O = n o  cmd r e c e i v e d  I 

N I M S  H o u s e k e e p i n g   U o r d   1 5  
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T a b l e   A 2 . 8 . 3  HRS D i g i t a l   S t a t u s  b A n a l o g   E n g i n e e r i n g  (MSB i s  b i t  1 )  

B i t C s )   M e a s u r e m e n t   C o n t e n t s  

""""_ """""""""""""""""""""""-"- 
I l - 8 l N I M S   X a c t i o n   p a r i t y   l c o u n t   o f   b u s   p a r i t y  I 

"""I """ I l e r r o r   l e r r o r s  i n  t r a n s a c t i o n  I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  N I M S  H o u s e k e e p i n g  Word 1 6  
"""""""""""""""""""""-""--- """"_ I l - 8 l B u s   p a r i t y   e r r o r  l c o u n t   o f   a l l   b u s   p a r i t y  I 

"""I """ I I l e r r o r s  I 

1 1 ! 2 1 3 1 4 1 5 1 6 1 7 1 8 1  N I M S  H o u s e k e e p i n g  Word 1 7  
......................... """"- I l - 8 l ~ o u e r  S U D D ~ ~  i n D u t  I I O  t o   4 0 0  ma I 

u """I """ 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  W I N S  H o u s e k e e p i n g  Word 18  
......................... """"_ I 1 - 8 l a v e   g r a t i n g   d r i v e  I 10 t o  2 0 0  ma I 

"""I """ 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  NIMS H o u s e k e e p i n g  Word 19 ' 
......................... """"_ I l - 8 l a v e   m i r r o r   d r i v e  I I O  t o  2 0 0  ma I 

u """I """ 

1 1 ! 2 1 3 1 4 1 5 1 6 1 7 1 8 1  NIMS H o u s e k e e p i n g  Word 2 0  

""""* ( 1 - 8 l r e f e r e n c e   v o l t a g e  I O  t o   2 4   v o l t s  
......................... 

I 
"""I """ u 

1 1 1 2 1 3 ! 4 1 5 1 6 1 7 1 8 1  NlMS H o u s e k e e p i n g  Word 21 
......................... """"_ I l - 8 l o ~ t i c s   c a l   s o u r c e  I 10 t o  1 0 0  ma I 

"""I """ - 
l 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  NIMS H o u s e k e e p i n g  Word 2 2  

""""* 

......................... 

11-Elcheck sum I R O M  check sum I - """I """ 

1 1 i 2 1 3 1 4 1 5 1 6 1 7 1 8 (  NIMS H o u s e k e e p i n g  Word 2 3  
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T a b l e  A 2 . 8 . 4  N I M S  H o u s e k e e p i n g   U o r d   S u b c o m m u t a t e d   P o s i t i o n s  

S u b c o m m u t a t e d   P o s i t i o n s  

Uord # Bvte M O D  91 M O D  10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
12  
13  
14 
1 5  
16  
1 7  
18 
19  
20  
21 
22  
23  

3 
4 
5 
6 
1 
2 
1 
2 
3 
4 
5 
6 
6 
5 
6 
6 
6 
6 
5 
6 
6 
6 
6 

0 - 9 0  
0 - 9 0  
0 - 9 0  
0 - 9 0  
0 - 9 0  
0 - 9 0  

0 
0 
0 
0 
0 
0 
0 
1 
1 
2 
4 
8 

16  
16 
32  
4 8  
6 4  

A 2 . 8 . 2 . 3  B a c k a r o u n d   D a t a .  T h e  c o n t e n t s  o f  t h e  B a c k g r o u n d   d a t a  s e c t i o n  
c o n s i s t   o f  5 b y t e s   o f   b a c k g r o u n d   i n f r a r e d   s c i e n c e   d a t a .  T h e s e  5 
b y t e s   c o m p r i s e  4 ( 1 0  b i t )  u o r d s ,  a s   s h o w n   i n   T a b l e  A 2 . 8 . 5 .  The 
b a c k g r o u n d   d a t a   f r o m  t h e  17  NlMS d e t e c t o r s   a r e   c o m m u t a t e d  i n t o  t h e  
B a c k g r o u n d   d a t a   s e c t i o n   a s   s h o w n   i n   T a b l e  A 2 . 8 . 6 .  

T a b l e  AZ.8 .5  NIMS B a c k g r o u n d   D a t a  (MSB i s  b i t  1 )  

B i t C s )   M e a s u r e m e n t   C o n t e n t s  
......................... """"_ 1 1 - 8 1 8  MSB o f  NlMS B a c k -  18 MSB o f  10 1 

"""I """ I Iqround  word A I 1 
L---" 

11121314151617181  N I M S  B e c k g r o u n d   B y t e  1 
......................... """""""_ 1 1 - 2 1 2  LSB o f  NlMS B a c k -  12 L S B  Of 1 0  1 

I I lqround   word  A I 1 
I """- 1 3 - 8 1 6  MSB o f  NIMS B a c k -  ( 6  MSB o f  1 0  1 
I ""I "" I l around   word  B I 1 - e ) 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 )  NlMS B a c k g r o u n d   B y t e  2 

315 
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T a b l e  A 2 . 8 . 5  NlMS B a c k g r o u n d   D a t a  ( M S B  i s   b i t  1 )  

B i t t s l   M e a s u r e m e n t   C o n t e n t s  
......................... """"""_ 1 1 - 4 1 4  LSB o f  N l M S  B a c k -  14 LSB o f  10 I 

I I I g r o u n d   w o r d  B I I 
I ""_ 1 5 - 8 1 4  MSB o f  NIMS B a c k -  14 MSB o f  10 I 

"I" "I" I I s r o u n d   w o r d  C I I - 
1 1 1 2 1 3 1 4 1 5 1 6 ! 7 1 8 1  NlMS B a c k g r o u n d   B y t e  3 

......................... """""_ 1 1 - 6 1 6  LSB o f  NlMS B a c k -  16 LSB o f  10 I 
I I l g r o u n d   w o r d  C I I 
I "- 1 7 - 8 1 2  MSB o f  N I M S  B a c k -  12 MSB o f  10 I 

""I "" I I l a r o u n d   w o r d  D I I - 
1 1 ! 2 1 3 1 4 1 5 1 6 1 7 1 8 1  NIMS B a c k g r o u n d   B y t e  4 

""""_ 1 1 - 8 1 8  LSB o f  N I M S  B a c k -  18 L S B  o f  10 
-""""-""""""""""""""""~"""- 

I 
"""I """ I I s r o u n d   w o r d  D 1 I - 

1 1 1 2 1 3 ! 4 1 5 ! 6 1 7 1 8 1  NlMS B a c k g r o u n d   B y t e  5 

T a b l e  A 2 . 8 . 6  N I M S  B a c k g r o u n d   D a t a   C o m m u t a t i o n  

I MOD 10 I U o r d  A I U o r d  B I U o r d  C I U o r d  D I 
I c o u n t  I I I I 
I 1 ,  6 I d e t e c t o r l d e t e c t o r / d e t e c t o r l d e t e c t o r l  

I 2 ,  7 l d e t e c t o r l d e t e c t o r l d e t e c t o r l d e t e c t o r l  

I 3 ,  8 l d e t e c t o r l d e t e c t o r l d e t e c t o r l d e t e c t o r l  

I 4 ,  9 l d e t e c t o r l d e t e c t o r l d e t e c t o r l d e t e c t o r l  

I 5 ,  0 l d e t e c t o r l   s p a r e  I s p a r e  I s p a r e  I 

...................... 

I 

I I 1 I 2 I 3 1 4 1  

I I 5 1 6 I 7 I 8 1  

I I 9 I 10 I 1 1  I 12  I 

I I 13 I 1 4  I 15 I 16  I 

I I 17  I I I I 

A 2 . 8 . 2 . 4  S e n s o r   D a t a .  The c o n t e n t s   o f   t h e   S e n s o r   D a t a   s e c t i o n   i s  85 b y t e s  o f  
i n f r a r e d   s e n s o r   d a t a .   E a c h   b l o c k   o f  5 b y t e s   c o n t a i n s  4 ( 1 0  b i t )  
w o r d s   o f  N I M S  s e n s o r  d a t a .   T h i s   i s   s h o w n   i n   T a b l e  A 2 . 8 . 7 .  W i t h i n  
e a c h  5 MOD 10 c o u n t s ,   e a c h   o f  t h e  17  N l M S  d e t e c t o r s   a r e   s a m p l e d  2 0  
t i m e s .  T h e  c o m m u t a t i o n   o f   t h i s   d a t a   i n t o  t h e  p a c k e t  i s  s h o w n  i n  
T a b l e  A 2 . 8 . 8 .  T h e  c h o p p e r   c y c l e   o f   e a c h   s a m p l e  i s  a l s o  g i v e n   i n  
T a b l e  A 2 . 8 . 8 ,  w i t h  N d e t e r m i n e d   b y   T a b l e  A 2 . 8 . 9 .  
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T a b l e  A 2 . 8 . 7  N I M S  S e n s o r   D a t a  (MSB i s  b i t  1 )  

B i t ( s )   M e a s u r e m e n t   C o n t e n t s  """"_ 1 1 - 8 1 8  MSB o f  NlMS S e n s o r  18 MSB o f  10  
......................... 

I 
"""I """ I l u o r d  A I I - 

1 1 1 2 ~ 3 1 4 ~ 5 ~ 6 i 7 1 8 1  N l M S  S e n s o r   B y t e s  1 ,  6 ,  1 1 ,  . . .  81 

""""""." 1 1 - 2 1 2  LSB o f  NlMS S e n s o r  12 L S B  o f  10  

"""_ ( 3 - 8 1 6  US6  o f  N l M S  S e n s o r  16 MSB o f  10  

"""""""""""""""""""""--""" 
I 

I I l w o r d  A I I 
I I 
I ""I "" I l w o r d  B I I u 

1 1 1 2 1 3 1 4 i 5 1 6 1 7 1 8 1  N l M S  S e n s o r   B y t e s  2 ,  7 ,   1 2 ,  . . .  8 2  

" 

......................... """"""_ 1 1 - 4 1 4  LSB o f  # I U S  S e n s o r  ( 4  LSB o f  1 0  I 
I I l w o r d  B I I 
I ""_  1 5 - 8 1 4  MSB o f  N l M S  S e n s o r  ( 4  MSB o f  10  I 
I" "I" I l w o r d  C I I u 

( 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 )  NIMS S e n s o r   B y t e s  3 ,  8 ,  1 3 ,  . . .  8 3  """""_ 1 1 - 6 1 6  LSB o f  NIMS S e n s o r  16 LSB o f  10  I 
I I l w o r d  C I I 
I -" 1 7 - 8 1 2  MSB o f  NlMS S e n s o r  12 MSB o f  1 0  I 

""I "" I 1 iword D I I 

......................... 

u 
) 1 1 2 1 3 1 4 1 5 ~ 6 ~ 7 1 8 (  NIMS S e n s o r   B y t e s  4 ,  9 ,  1 4 ,  . . .  8 4  

""""_ 1 1 - 8 1 8  LSB o f  NIMS S e n s o r  18 LSB o f  10  
......................... 

1 
"""I """ I l u o r d  0 I I u 

) 1 1 2 i 3 1 4 1 5 1 6 1 7 1 8 (  NIMS S e n s o r   B y t e s  5 ,  1 0 ,  1 5 ,  . . .  8 5  

3 17 
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T a b l e  A 2 . 8 . 8 .   N I H S  S e n s o r  D a t a  Commuta, t ion  
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T a b l e   A 2 . 8 . 9  NIMS C h o p p e r   C y c l e   C o m m u t a t i o n  

A 2 . 8 . 3   T e l e m e t r y  node C h a n g e s .   U p o n  t h e  a p p l i c a t i o n   o f   s y s t e m   p o u e r ,  N l M S  
s h a l l   a u t o m a t i c a l l y   c o n f i g u r e   i t s e l f  t o  a n   i n s t r u m e n t   s a f e   m o d e .  T h e  
D i g i t a l   S t a t u s   a n d   A n a l o g   E n g i n e e r i n g   d a t a   s h a l l   b e   v a l i d .  
Commanded t e l e m e t r y   m o d e   c h a n g e s   a r e   p r o c e s s e d   j u s t   p r i o r   t o  e v e r y  
R I M  c h a n g e .   T e l e m e t r y   m o d e   c h a n g e s   s h a l l   o c c u r   a t  t h e  R I M  c h a n g e  
a f t e r  command p r o c e s s i n g .  
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A 2 . 9  P L A S M A  SUBSYSTEM T E L E M E T R Y  

T h i s  p a r a g r a p h   d e s c r i b e s  t h e  f o r m a t   a n d   c o n t e n t   o f   t h e  P L S  o u t p u t .  

A 2 . 9 . 1  PLS P a c k e t .  The s c h e m a t i c   o f   t h e   p a c k e t  i s  s h o u n   i n   F i g u r e  A 2 . 9 . 1 .  
One f u l l  P L S  p a c k e t  i s  d i s t r i b u t e d   o v e r  3 6 4  LRS f r a m e s .  

I 
........................ 

S p i n   n u m b e r   a n d   s u b c o m m u t a t e d   a n a l o g   d a t a  I 
I """"""""""""- i """"""""""" I 
I I I 

1 s t a t u s  I I 
I D i g i t a l  I F l o a t i n g   B l o c k   A r e a  I 

I B l o c k  I I 
I """"" I """"""""""-"""""""" I 

F i g u r e   A 2 . 9 . 1  P L S  P a c k e t  

A 2 . 9 . 2   I n s t r u m e n t   S v n c h r o n i c i t v .   U i t h i n  t h e  P L S  p a c k e t ,   t h e r e  w i l l  e x i s t   o n e  
m a j o r   s y n c h r o n i s m   r e l a t i v e   t o  t h e  SCLK. T h e  r e l a t i o n s h i p   b e t w e e n  
SCLK a n d  P L S  s y n c h r o n i z a t i o n   l n d e x   i s   s h o u n   i n   T a b l e   A 2 . 9 . 1 .  

T a b l e   A 2 . 9 . 1  SCLK V S .  P L S  S . I .  

Rim ( M o d u l o  4 1  S . I .  

Hod 91 
91 + Hod 91 
1 8 2  + Mod 91 
2 7 3  + Mod 9 1  

A 2 . 9 . 3  P L S  F i x e d   T e l e m e t r y .   T h e r e   a r e   t u 0   a r e a s   o f   f i x e d   t e l e m e t r y   i n   t h e  
P L S  p a c k e t .   T h e   s p i n   n u m b e r   a n d   s u b c o m m u t a t e d   A n a l o g   d a t a   a r e  
p l a c e d   i n   t h e   f i r s t  two b y t e s   o f   e a c h  PLS p o r t i o n   o f   a n  L R S  f r a m e .  
The D i g i t a l   S t a t u s   B l o c k   i s   l o c a t e d   a t  the  s t a r t   o f  t h e  P L S  p a c k e t  
( S . I .  e q u a l s  0 ) .  

A 2 . 9 . 3 . 1   S ~ i n  N u m b e r   a n d   S u b c o m m u t a t t d   A n a l o g   D a t a .   B y t e s  1 a n d  2 o f   e a c h  P L S  
p o r t i o n   o f   a n  LRS f r a m e   c o n t a i n   t h e   s p i n   n u m b e r   p e r t a i n i n g   t o   t h a t  
f r a m e ,   a n d   s u b c o m m u t a t e d   A n a l o g   d a t a ,   r e s p e c t i v e l y .   T h e   c o n t e n t s  o f  
t h e  s p i n   n u m b e r   b y t e   a r e   s h o u n   i n   T a b l e   A 2 . 9 . 2 .  

T a b l e   A 2 . 9 . 2   S p i n  Number 

- B i t s  M e a s u r e m e n t   C o n t e n t  

""""""_ ......................... 

I l - 4 l s p i n  mode   number   for   IO<N<15  I 
I I l i n s t r u m e n t  A I I 
I ""_ 1 5 - 8 ) s p i n   m o d e   n u m b e r   f o r   ) O < N < 1 5  I 

"I" "I" I l i n s t r u m t n t  B I I u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  

3 2 0  
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T h e   s u b c o m m u t a t e d   A n a l o g   H o u s e k e e p i n g   i s  t h e  s e c o n d   b y t e  i n  a l l  P L S  
p o r t i o n s  o f  t h e  L R S  f r a m e ,   a n d   c o n t a i n s  t h e  d a t a   s h o w n  i n  T a b l e  
A 2 . 9 . 3 .  T h e  r e l a t i o n s h i p  of t h e s e  u o r d s  t o  S . 1 .  i s  a t s o  s h o w n  i n  
T a b l e  A 2 . 9 . 3 .  

T a b l e  A 2 . 9 . 3 .  P L S  S u b c o m m u t a t e d   A n a i o g   H o u s e k e e p i n g  

""""- 
"""I """ 

""""_ 
"""I """ 

"""." 
"""I """ 

""""_ - """I """ 

""""_ 
"""I """ - 

""""_ 
"""I """ 

""""* 

"""I """ 

""""_ 
""" I """ 

B i t s  - M e a s u r e m e n t  

1 1 - 8 ) d e t e c t o r   b i a s   m o n i t o r )  0 t o  3 8 0 0  v o l t s  

C o n t e n t  
"""""~"""""""""""""""""""- 

I 
I I A  I I 

B y t e  1 ,  S . 1 .  = 0 ,  1 ,   9 2 ,   1 8 3 ,   2 7 4  

I l - B ( L V P S  +27 .0V A ;  p l a t e / l  0 t o  4 0  v o l t s  
I l b i a s  I I 

B y t e  2 ,  S . I .  = 2 ,  9 3 ,  1 8 4 ,  275  

I l - I I L V P S   + 2 7 . 0 V  A ;  p u l l -  I 0 t o  4 0  v o l t s  

"""""""_"""""""""""""""""- 
I 

......................... 

I 
I Idown I I 

B y t e  3 ,  S . I .  = 3 ,   9 4 ,  1 8 5 ,  2 7 6  

1 1 - a I L v p s  + 2 5 . o v  A I 0 t o  4 0  v o l t s  I 
I I I I 

.......................... 

B y t e  4 ,  S . I .  = 4 ,   9 5 ,   1 8 6 ,   2 7 7  

I 1 - 8 l s u p p l e m e n t a l   h e a t e r  I - 3 5  t o  + S O  d e g .  C I 
I ( m o n i t o r  I I 

B y t e  5 ,  S . 1 .  = 5 ,   9 6 ,   1 8 7 ,   2 7 8  

......................... 

"~"""""""""""""""""""""""- 
I l -8 lLVPS  + lO.OV A I 0 t o  15 v o l t s  I 
I I I I 

B y t e  6 ,  S . I .  = 6 ,   9 7 ,   1 8 8 ,   2 7 9  

I1 -8 lLVPS  +7 .5V A 
"""_"""""""""""""""""""""- 

I 0 t o  1 0  v o l t s  I 
I I I I 
B y t e  7 ,  S . I .  = 7 ,   9 8 ,   1 8 9 ,  280  
"""""""""""""""""""""""---- 

)1 -8ILVPS  +6 .0V A I 0 t o  10 v o l t s  I 
I 1 I I 

B y t e  8 ,  S . 1 .  = 8 ,  99,  1 9 0 ,  281 
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T a b l e   A 2 . 9 . 3 .  PLS S u b c o m m u t a t e d   A n a l o g   H o u s e k e e p i n g  

- B i t s  M e a s u r e m e n t   C o n t e n t  

".""" ......................... 

11-81LVPS  +5 .0V A I 0 t o   1 0   v o l t s  I 
"""I """ I I I I - 

1 1 1 2 1 3 1 4 ! 5 1 6 1 7 1 8 1   B y t e   9 ,  S . I .  = 9 ,  1 0 0 ,  191 ,  2 8 2  """"_ """"""""""""""""""""""""", 

I 1 - 8 ( L V P S  -8 .OV A I 0 t o   - 1 0   v o l t s  I 
"""I """ I I I I u 

1 1 1 2 1 3 ! 4 1 5 1 6 ! 7 1 8 1   B y t e   1 0 ,  S . I .  = 1 0 ,   1 0 1 ,   1 9 2 ,   2 8 3  

""""_ I l - 8 l t e m p e r a t u r e  I - 3 5   t o  5 0  d e g .  C I 
"""I """ I l r e g u l a t o r  I I 

......................... - 
1 1 1 2 1 3 1 4 1 5 ! 6 1 7 1 8 1   B y t e  1 1 ,  S . I .  = 1 1 ,  1 0 2 ,   1 9 3 ,   2 8 4  

......................... """"_ 
I 
I 
I I I  

1 1 - 8 1 7 . 8 ~  T m o n i t o r   ( o p e n ) l O   t o   1 2 7 = c o v e r   o p e n ,  
I I t e m p e r a t u r e ;  m.s. 2 I v o l t a g e   m o n i t o r  
I ( h o u s i n g   ( c l o s e d )  1 1 2 8   t o   2 5 5 1 c o v e r   c l o s e d ,  

I t e m p e r a t u r e   - 3 5   t o  5 0  
"""I """ I I I d e g .  C - 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1   B y t e   1 2 ,  S . I .  = 1 2 ,   1 0 3 ,   1 9 4 ,   2 8 5  
......................... """"_ 1 1 - 8 1 7 . 8 ~  I m o n i t o r  10 t o   1 2 7 = c o v e r   c l o s e d ,  I 

I I I ( c 1 o s e d )  I v o l t a g e   m o n i t o r  I 
I I I t e m p e r a t u r e ;  111.8. 2 1 1 2 8   t o   2 5 5 = c o v e r  o p e n ,  I 
I I l h o u s i n g   ( o p e n )  1 t e m p e r a t u r e   - 3 5  t o  5 0  I 

"""I """ I I I d e g .  c I - 
) 1 1 2 1 3 ! 4 1 5 1 6 1 7 1 8 1   B y t e   1 3 ,  S . I .  = 1 3 ,   1 0 4 ,   1 9 5 ,   2 8 6  

......................... """"_ I l - 8 l a n a l o g   g r o u n d  I 0 . 0  v o l t s  I 
"""I """ I l r e f e r e n c e  A I I u 

l 1 ! 2 1 3 1 4 1 5 1 6 1 7 1 8 1   B y t e  1 4 ,  S . I .  = 1 4 ,   1 0 5 ,   1 9 6 ,   2 8 7  """"_ I l - 8 l d e t e c t o r  b i a s  m o n i t o r 1  0 t o  3 8 0 0  v o l t s  I 
"""I """ I I B  I I 

......................... - 
1 1 1 2 ! 3 1 4 1 5 1 6 1 7 1 8 1   B y t e   1 5 ,  S . I .  = 1 5 ,  1 0 6 ,   1 9 7 ,   2 8 8  """"_ ......................... 

I1-8ILvPs + 2 7 . 0 ~  B ;  p l a t c / l  0 t o  4 0  v o l t s  I 
"""I """ I l b i a s  I I - 

l l i 2 1 3 1 4 1 5 1 6 1 7 1 8 l   B y t e  1 6 ,  S . I .  = 1 6 ,   1 0 7 ,  1 9 8 ,  289 
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T a b l e   A 2 . 9 . 3 .  PLS Subcornmutated   Ana log   Housekeep ing  

Bits M e a s u r e m e n t   C o n t e n t  """"_ ( 1 - 8 1 L V P S  + Z I . O V  B ;  p u l l -  I 0 t o  4 0  v o l t s  ' I  
......................... 

I ldown I I """I """ 

"""" 

"""I """ 

B y t e   1 7 ,  S . I .  = 1 7 ,   1 0 8 ,   1 9 9 ,   2 9 0  
"""""""""""""""""""""""""' - I l - 8 l L V P S   + 2 5 . 0 V  B :  m.s.  1 1  0 t o  4 0  v o l t s  I 

"""" 

"""I """ 

"""" 

"""" m u  """I """ 

"""" 

"""I """ 

"""" 

"""I """ 

"""" 

"""I """ 

B y t e  1 8 ,  S . I .  - 1 8 ,   1 0 9 ,   2 0 0 ,   2 9 1  
......................... - I l - I I L v P S   + 2 5 . 0 V  B :  m.s. 31 0 t o  4 0  v o l t s  I 

B y t e  19 ,  S . I .  = 1 9 ,   1 1 0 ,   2 0 1 ,   2 9 2  
......................... - / 1 - 8 I L V P S  + l O . O V  B I 0 t o   1 5   v o l t s  I 

I I I I 

B y t e   2 0 ,  S . I .  = 2 0 ,  1 1 1 ,  2 0 2 ,   2 9 3  
......................... - I1 -8ILVPS  +7 .5V B I 0 t o  1 0   v o l t s  I 

I I I I 
B y t e   2 1 ,  S . I .  = 2 1 ,   1 1 2 ,   2 0 3 ,   2 9 4  

- I l - 8 ( L V P S   + 6 . 0 V  B 
......................... 

I 0 t o  1 0  v o l t s  I 
I I I I 

B y t e   2 2 ,  S . I .  = 2 2 .   1 1 3 ,   2 0 4 ,   2 9 5  
......................... - I 1 - 8 1 L V P S   + 5 . 0 V  B I 0 t o  1 0   v o l t s  I 

I I I I 
B y t e   2 3 ,  S . I .  = 2 3 ,   1 1 4 ,   2 0 5 ,   2 9 6  

- )1-81LVPS - 8 . O V  B 
......................... 

I 0 t o  - 1 0  v o l t s  I 
I I I I 

......................... """"_ I l - 8 [ t e r n p e r a t u r e ;  m.s. Q I - 3 5   t o  5 0  d e g .  C I 
"""I """ I I I I - 

~ 1 ~ 2 1 3 1 4 l 5 1 6 1 7 1 8 ~   B y t e   2 5 ,  S . I .  = 2 5 ,  116,  2 0 7 ,   2 9 8  
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T a b l e   A 2 . 9 . 3 .  P L S  S u b c o m m u t a t e d   A n a l o g   H o u s e k e e p i n g  

B i t s  M e a s u r e m e n t   C o n t e n t  
......................... "."."_ 1 1 - 8 l t e m p e r a t u r e ;   b i a s  A I - 3 5   t o   5 0   d e g .  C I 

"""I""" I I I I - 
) 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 ~   B y t e   2 6 ,  S . 1 .  = 2 6 ,   1 1 7 ,   2 0 8 ,   2 9 9  

"""." ......................... 

( l - 8 ( A n a l o g   g r o u n d  I 0 . 0  v o l t s  I 
"""I""" I l r e f e r e n c e  B I I 

~ 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 ~   B y t e   2 7 ,  S . I .  = 2 7 ,  1 1 8 ,  2 0 9 ,   3 0 0  

""""_ 1 1 - 8 ) e n e r g y   a n a l y z e r  A H V I  0 t o   2 6 0 0   v o l t s  
......................... 

I 
"""I""" I l m o n i t o r  s t e ~ s  0 t o   6 3 1  I - 

~ 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1   B y t e   2 8   t o  9 1 ,  S . I .  = 2 8  - 91 

" " " " _  I l - 8 l e n e r g y   a n a l y z e r  B H V  I 0 t o   2 6 0 0   v o l t s  
""~""""""_"""""""""""""""" 

I 
"""I""" I l m o n i t o r  steDs 0 t o   6 3 1  I 

~ 1 ~ 2 1 3 1 4 1 5 1 6 1 7 1 8 (   B y t e   9 2   t o   1 5 5 ,  S . I .  = 119 - 1 8 2  
......................... """"_ I l - 8 l c o m p o s i t i o n   a n a l y z e r  I 0 t o   3 0 0  ma I 

I I l c u r r e n t   m o n i t o r  A I I 
"""I""" I Is teDs  0 t o   6 3  I I 
L 

~ 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 (   B y t e   1 5 6   t o   2 1 9 ,  S . I .  = 2 1 0  - 2 7 3  
......................... ."""" I l - 8 l c o m p o s i t i o n   a n a l y z e r  I 0 t o   3 0 0  ma I 

I I l c u r r e n t   m o n i t o r  B I I 
"""I""" I IsteDs 0 t o   6 3  I I 
u 

~ 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 )   B y t e   2 2 0   t o   2 8 3 ,  S . I .  = 3 0 1  - 3 6 4  

A 2 . 9 . 3 . 2   D i g i t a l   S t a t u s   B l o c k .  T h e  D i g i t a l   S t a t u s   B l o c k   i s   l o c a t e d   a t  t h e  
s t a r t   o f  t h e  P L S  p a c k e t  ( S . I .  e q u a l s  0 ) .  T h e  c o n t e n t s   o f  t h i s  b l o c k  
a r e   s h o u n   i n   F i g u r e   A 2 . 9 . 2 . ,   a n d  t h e  b i t   d e f i n i t i o n s   o f  t h e  d i g i t a l  
s t a t u s   b y t e s   a r e   s h o u n   i n   T a b l e   A 2 . 9 . 4 .  

B y t e  
B y t e  
B y t e  
B y t e  
B y t e  
B y t e  

/ 
\ 

1 I B l o c k  1 .  D .  ( 0 6 )  
2 I B l o c k   S i z e   ( 4 7 )  I 
3 I E n a b l e  Byte I 
4 I C o n f i g u r a t i o n   C o n t r o l   B v t e  I 
5 I P o u e r   S u i t c h i n a   B v t e  I 
6 I A A C S  S / C  C l o c k   S e c t o r i n g  B v t e  I 

-""""""""""""""""" 
I .  

I / / I 
I \ \ I 

B y t e   4 9  I L a s t   C r i t i c a l   T e l e m e t r y  B v t e  I 

F i g u r e   A 2 . 9 . 2 .   D i g i t a l   S t a t u s   B l o c k  

324 



GLL-3-280 R e v .  D 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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.......................... 

"""""".""_ I - l l - s p a r e  """""""_I""""""""""""-l 

I I 1 s t e p   g e n e r a t o r  I l = o n  I 
I I"_l" ~""""""I"""""-"""""""I 

I 1  I I s t e p   g e n e r a t o r  B I l = o n  I 
I I  I"-l-&&& LL""""""I""""""""""""-I 

I l l  I " _ l - g e n e r a t o r  B """"_l_l=on"""""""""_I 
I I I ----------I 5 I e n e r g y   a n a l y z e r   s t e p  I O = o f f  I 
I I I I  I " - I _ 9 e n e r a t o r  B """"_l_l=on"""""""""_l 
I I I I --------I 6 I e n e r g y   a n a l y z e r   s t e p  I O = o f f  I 
I I I I I '  l " - I _ 9 e n e r a t o r  8 """"_l_l=Dn"""""""""_I 
I I I I I ------I  7 I e n e r g y   a n a l y z e r   s t e p  I O = o f f  I 
I I I I I I  l " - l - ! 3 e n e r a t o r  B """"_1_2-on"""""""""_I 
1 I I I I I - - - - I  8 I e n e r g y   a n a l y z e r   s t e p  I O = o f f  I 
I I I I I I I  I " - l - g e n e r a t o r  B """"_,l_l=on"""""""""_I 

----------------I 2 I c o m p o s i t i o n   a n a l y z e r  I O = o f f  I 

I _ _ _ _ _ _  - - I  3 I c o m p o s i t i o n   a n a l y z e r  I O = o f f  I 

I I _ _ _ _ _ _ _ _ _ _ _ _ I  4 I d e t e c t o r   b i a s   s t e p  1 O = o f f  I 

u 
L l 1 2 1 3 1 4 1 5 1 6 1 7 1 8 l   B y t e   3 ,   E n a b l e  

........................... ".""""""" I l - 2 l - s D a r e  """""""_I""""""""""""-l 
I """""""I 3 I i n s t r u m e n t   b u s  6 I O = o f f  I 
I I  l " - l - e n a b l e  """""""l_l=0n"""""""""_I 
I I """"""I 4 I i n s t r u m e n t   b u s  * I 0 - o f f  I 
I I I  I " - l - e n a b l e  """""""I_1SOn"""""""""_I 
I I I """""I 5 I b u s   a d a p t o r   b e t a  I O = o f f  I 
I I l l  I " - l - e n a b l e  """""""I" """""""""_ I 
I I I I """" I 6 I b u s   a d a p t o r   a l p h a  I O = o f f  I 
I I I I I  I " - l - e n a b l e  """"""" I - l = o n  """_"""""" I 
I I I I I """ I 7 I p r o c e s s o r  2 e n a b l e  I O = o f f  I 
I I I I I I  1"~1"""""""""""  I" """_"""""" I 

I 
L I I I I I I  u 

l"_l"""""""""""I-r=on"""""""""_I 
I I I I I I - - - - I  8 I p r o c e s s o r  1 e n a b l e  I O r o f f  

~ 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1   B y t e  4 ,  C o n f i g u r a t i o n   C o n t r o l  
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"""""""""""""""""~"""---""---- 

"""""""""I 1 I a u x i l i a r y   h e a t e r  I O = o f f  I 
I l " - l - c o n t r o l  B _"" 1 _""I" """""""""_ I 
I """"""""I 2 I a u x i l i a r y   h e a t e r  I O x o f f  I 
1 1  I " - l - c o n t r o l  A """""_I" """""""""_ I 
I I --------------I 3 I s u p p l e m e n t a l   h e a t e r  I O r o f f  I 
I l l  I " - l - c o n t r o t  B """""_l_llon"""""""""_I 

I 
I I I I  I " - l - c o n t r o l  A """""_I" """""""""- I 
I I I I """"" 

I I I I I  I " - l - v o l t s  """""""_l_lron"""""""""_I 
I I I I I """"I 6 I low v o l t a g e   + 6 - 0  I O r o f f  I 
I I I I I I  I " _ l _ v o l t s  """""""_ I" """""""""_ I 
I I I I I 1 """ I 7 I low v o l t a g e   + 7 . 5  I O t o f f  I 
I I I I I I I  I " _ l _ v o l t s  """""""_ I" """""""""_ I 
I I I I I I I  "" I 8 I low v o l t a g e   + 2 7  I O = o f f  I 
l I I I I I I 1  u I " _ l _ v o l t s  """""""- I" """""""""- I 

I 1 I "---"""-I 4 I s u p p l e m e n t a l   h e a t e r  I O = o f f  

I 5 I low v o l t a g e ,  - 8 . 0  I O = o f f  I 

J 1 1 2 i 3 1 4 i 5 1 6 1 7 i 8 L   B y t e  5 ,  P o w e r   S w i t c h i n g  

I 
I I 
I I 

""_ 
.......................... - 1 - 6 l - s p a r e  """""""_I """"""""""""- I 
7 - 8 )  AACS-S/C  C'lock I O O = s e c t o r i n g   s y n c h r o -  I 

I S e c t o r i n g  I n i t e d   t o  S / C  c l o c k  I 
I I Ol=AACS o f f - f r e e   r u n n i n g 1  
I I f r o m   l a s t   u p d a t e  I 

""I "" L l"-l""""""""""" I - l l = N / A  """"""""_I 
I -"""" I - I - I 

1 1 1 2 ~ 3 ~ 4 1 5 ~ 6 ~ 7 1 8 1   B y t e   6 ,  A A C S - S / C   C l o c k   S e c t o r i n g  

"""""_ 
"""I """ 

.......................... 

-1 Ms b y t e   o f  memory 1 I 
"-l-dumD a d d r e s s  """"I """""""_" """" I 

J 1 1 2 1 3 1 4 l 5 ~ 6 1 7 ~ 8 ~  B y t e   7 ,  MS B y t e   o f  Memory Dump 
I """"""_ I 

.......................... 

---- - - - - - - - )1 -81  LS b y t e  o f  memory I I 
"""I """ I"-l-dumD a d d r e s s  """"I """""""""_""" I 

I """"""- I 
J l 1 2 1 3 1 4 1 5 1 6 i 7 1 8 1   B y t e  8 ,  LS  B y t e  o f  Memory Dump 

-----------I-\ p e a k   d e t e c t o r   s e n s o r  I I . D .  ( s e e  T a b l e   A 2 . 9 . 8 )  I 
.......................... 

I I I  I o f   d e t e c t o r   s e n s o r  I 
. I  I I  I h a v i n g  t h e  g r e a t e s t  I 

I I 1  I m o d u l a t i o n   d u r i n g  I 
"""I""" I"-I """"_ """"""-l-pr~vio~s s p i n  """""I 

I """"""_ I 
1 1 l 2 ~ 3 l 4 l 5 ~ 6 1 7 1 8 !   B y t e  8 ,  MS B y t e  o f  Memory Dump 
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- B i t s  M e a s u r e m e n t   C o n t e n t  """"_ I l - 8 ) p e a k   s e c t o r  
......................... 

[ n o .  o f  s e c t o r   i n   u h i c h  I 
"""I """ I I l p e a k  i s  d e t e c t e d  I u 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 ! 6 1   B y t e   1 0 ,   P e a k   S e c t o r  

""""- ( 1 - 8 l p e a k   e n e r g y  l e n e r g y   s t e p   i n   u h i c h  ' I  
"""I """ I I ) p e a k  i s  d e t e c t e d  I 

.......................... 

""""_ 
"""I """ 

""""- 

""""- 
"""I """ 

B y t e  1 1 ,  P e e k   E n e r g y  

I l - 6 ) p e a k   m a s s  
""""""""""""""""""""---------- 

l m a s s   s t e p   i n   u h i c h   p e a k  I 
I I l i s  d e t e c t e d  I 
B y t e   1 2 ,   P e a k   M a s s  

I l - 6 l c o m m a n d s   a c c e p t e d   j c o u n t  o f  commands 
I ( c o u n t e r   I a c c e D t e d  by  b u s  a d a p t e r  I 

......................... 

I 

B y t e   1 3 ,  Commands A c c e p t e d   C o u n t e r  

I 1 I s p a r e  
1 2 - 3 l r e d u n d a n t   h i g h   1 0 0 - h i g h   v o l t a g e  o . f f  I 
I l v o l t a g e  A c o n t r o l   ( O l l h i g h   v o l t a g e   o n  I 
I l b i t s   l l O = h i g h   v o l t a g e   o n  I 

( 4 - 8 1 h i g h   v o t t a g e  A s t e p   ! s t e p  n u m b e r   0 - 3 1  I 
I Inumber I I 

......................... 

I I 

I I I l l = h i a h   v o l t a g e   o n  I 

B y t e   1 4 ,  C C M  B i a s   S e t t i n g  A 

......................... 

I 1 I s p a r e  I I 
1 2 - 3 l r e d u n d a n t   h i g h   l O O = h i g h   v o l t a g e  o f f  I 
I l v o l t a g e  B c o n t r o l   ( O l = h i g h   v o l t a g e   o n  I 
I ! b i t s   I l O = h i g h   v o l t a g e   o n  I 

1 4 - 6 1 h i g h   v o l t a g e  B s t e p   ) s t e p  n u m b e r   0 - 3 1  I 
I inumber 1 I 

I I l l l r h i q h   v o l t a g e   o n  I 

B y t e   1 5 ,  CCM B i a s   S e t t i n g  B 

I l - 6 l c o m m a n d   c o d e   c a u s i n g  I 
I l e r r o r   c o n d i t i o n  I . I  

......................... 

I 

B y t e   1 6 ,   I n v a l i d  Command F a u l t   C o d e  1 

" """ - .......................... 

( 1 - 6 I S C L K  MOD 91 c o u n t   a t  I I 
,,,,-,I""-- I l t i m e  o f  command e r r o r 1  I 
u 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1   B y t e  1 7 ,  I n v a l i d  Command F a u l t   C o d e  2 
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Bits U e a s u r e m e n t   C o n t e n t  
......................... """"""_ I 1 - 4 1 L S B ' s   o f  SCLK R e a l -  I I 

I I l t i m e   i m a g e   c o u n t   a t  I I 
I I l t i m e  o f  command e r r o r l  I 
I ""- 15-81SCLK M O D  1 0   c o u n t   a t  I I 

"I" "I" I l t i m e  o f  command e r r o r l  I u 
1 1 1 2 1 3 ! 4 1 5 ! 6 1 7 1 8 (   B y t e  1 8 ,  I n v a l i d  Command F a u l t   C o d e  3 

""""_ ......................... 

( 1 - 8 l i n v a l i d  command c o u n t 1  I 
I I l d u r i n g  P L S  i n s t r u m e n t 1  I 

"""I """ I l c v c l e  I I u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1   B y t e   1 9 ,   I n v a l i d  Command F a u l t   C o d e  4 

""""_ ......................... 

I1-81SCLK H O D  9 1   c o u n t   a t  I I 
"""I """ I ] t i m e   o f   h e a t e r   f a u l t  I I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 )   B y t e   2 0 ,   S u p p l e m e n t a l   H e a t e r   M o n i t o r   F a u l t   C o d e  1 
~~ ~~~~- 

......................... """"""_ I 1 - 4 1 L S B ' s   o f  SCLK R e a l -  I I 
I I l t i m e   i m a g e   c o u n t   a t  I I 
I I l t i m e   o f   h e a t e r   f a u l t  I I 
I ""- 15-81SCLK M O D  1 0   c o u n t   a t  I I 

" I "  " I "  I l t i m e   o f   h e a t e r   f a u l t  I I u 
1 1 1 2 1 3 ! 4 ! 5 1 6 1 7 1 8 1   B y t e   2 1 ,   S u p p l e m e n t a l   H e a t e r   M o n i t o r   F a u l t   C o d e  2 

""""_ I l - 8 l h e a t e r   f a u l t   c o u n t  I ......................... 

I 
I I l d u r i n g  PLS i n s t r u m e n t )  1 

"""I """ I l c v c l e  I I u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 (   B y t e  2 2 ,  S u p p l e m e n t a l   H e a t e r   M o n i t o r   F a u l t   C o d e  3 

I 1 - 4 l s o a r e  
I 5 I R O N  a d d r e s s  O C O O  t o   l O = n o   e r r o r   d e t e c t e d  I 
I I O F F F  ( H E X )  I l = e r r o r   d e t e c t e d  I 
I 6 I R O M  a d d r e s s   0 8 0 0   t o   I O = n o   e r r o r   d e t e c t e d  
I I O B F F  ( H E X )  I l r e r r o r   d e t e c t e d  I 
I 7 I R O M  a d d r e s s  0 4 0 0  t o   ) O = n o   e r r o r   d e t e c t e d  I 
I 107FF ( H E X )  I l = e r r o r   d e t e c t e d  I 
I 8 I R O M  a d d r e s s   0 0 0 0   t o   l O = n o   e r r o r   d e t e c t e d  I 
I 103FF ( H E X )  I l = e r r o r   d e t e c t e d  I 

......................... 

I I 

I 

B y t e  2 3 .  Memory F a u l t   C o d e  1 

328  



GLL-3-280 Rev. D 

T a b l e   A 2 . 9 . 4 .   D i g i t a l   S t a t u s   D a t a  

- Bits  M e a s u r e m e n t  C o n t e n t  

......................... 

"""""""" I 1 I R A M  a d d r e s s   1 7 0 0   t o   I O = n o   e r r o r   d e t e c t e d  I 
I I 117FF ( H E X )  I l = e r r o r   d e t e c t e d  I I """"""" I 2 I R A M  a d d r e s s   1 6 0 0   t o   I O = n o   e r r o r   d e t e c t e d  I 
I I  I 116FF ( H E X )  1 1 - e r r o r   d e t e c t e d  I I I """""" I 3 I R A M  a d d r e s s   1 5 0 0   t o   ) O = n o   e r r o r   d e t e c t e d  I 
I l l  I l l 5 F F  ( H E X )  l l = e r r o r   d e t e c t e d  I I I I """"" I 4 I R A M  a d d r e s s  1 4 0 0  t o  (O=no e r r o r   d e t e c t e d  I 
I I I I  I 114FF ( H E X )  I l = e r r o r   d e t e c t e d  I I I I I """" I 5 I R A M  a d d r e s s   1 3 0 0   t o   ( O = n o   e r r o r   d e t e c t e d  I 
I I I I I  I 113FF ( H E X )  I l = e r r o r   d e t e c t e d  I 
I I I I I """ I 6 I R A M  a d d r e s s   1 2 0 0   t o   I O = n o   e r r o r   d e t e c t e d  I 
I I I I I I  I 112FF ( H E X )  I l = e r r o r   d e t e c t e d  I 
I I I I I I "" I 7 ( R A M  a d d r e s s   1 1 0 0   t o   ( O = n o   e r r o r   d e t e c t e d  I 
I I I I I I I  I I l l F F  ( H E X )  I l = e r r o r   d e t e c t e d  I 

I I I I I I I I I ! 1 0 F F  ( H E X )  I l = e r r o r   d e t e c t e d  I 
11111111 

I I I I I I I - -  I 8 I R A M  a d d r e s s   1 0 0 0   t o   I O = n o   e r r o r   d e t e c t e d  I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1   B y t e   2 4 ,  Memory F a u l t   C o d e  2 
"""""""""""""""""""""~"""- 

"""""""" I 1 I R A M  a d d r e s s   l F 0 0   t o  l O = n o   e r r o r   d e t e c t e d  I 
I I I lFFF ( H E X )  I l = e r r o r   d e t e c t e d  I 
I """"""" 

I 2 I R A M  a d d r e s s  lEOO t o  I O = n o   e r r o r   d e t e c t e d  I 

1 I """""" 
I 3 ( R A M  a d d r e s s  lDOO t o  l O = n o   e r r o r   d e t e c t e d  I 

I l l  I IlDFF ( H E X )  I l = e r r o r   d e t e c t e d  I 
I I I """"" 

I 4 I R A M  a d d r e s s  1 C O O  t o  ( O r n o  e r r o r   d e t e c t e d  I 
I I I I  1 I l C F F  ( H E X )  I l = e r r o r   d e t e c t e d  I 
I I I I """" 

I 5 I R A M  a d d r e s s   1 8 0 0   t o  ( O = n o   e r r o r   d e t e c t e d  I 
i l l l l  I IlBFF ( H E X )  1 1 - e r r o r   d e t e c t e d  I 
I I I I I """ 

I 6 I R A M  a d d r e s s  lAOO t o  l O = n o   e r r o r   d e t e c t e d  I 
I I I I I I  I IlAFF ( H E X )  I l = e r r o r   d e t e c t e d  I 
I I I I I I "" I 7 I R A M  a d d r e s s   1 9 0 0   t o   ( O r n o   e r r o r   d e t e c t e d  I 
I I I I I I I  I 119FF ( H E X )  I l = e r r o r   d e t e c t e d  I 

I I I I I I I I I l18FF ( H E X )  l l = e r r o r   d e t e c t e d  I 
LLu"u 

@ 1 1  I 1 1 E F F  ( H E X )  I l s ' e r r o r   d e t e c t e d  I 

I [ I I I [ I - -  I 8 I R A H  a d d r e s s   1 8 0 0   t o   l O = n o   e r r o r   d e t e c t e d  I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1   B y t e   2 5 ,  Memory F a u l t   C o d e  3 

"""" - ......................... 

J 1 - 8 l s p a r e  I I 
I I """I """ I I 

) 1 1 2 ! 3 ! 4 ! 5 1 6 1 7 1 8 1   B y t e   2 6 - 3 8 ,   s p a r e s  

"""". """""""""_""""""""""""~""" 
I 1 - 8 l C D S  b u s   p a r i t y   e r r o r  I I 

"""I """ I l c o u n t  ( H / u )  I 1 - 
1 1 1 2 1 3 1 4 1 5 1 6 ! 7 1 8 (  B y t e  3 9 ,  CDS Bus P a r i t y   E r r o r  
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""""_ ......................... 

I l - 8 1 P L S   b u s   p a r i t y   e r r o r  I I 
"""I """ I l c o u n t  ( S i " )  I I u 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1   B y t e   4 0 ,  PLS B u s   P a r i t y   E r r o r  
""""""""""""""""""""""-""- """"_ 1 1 - 8 1 A   a c c u m u l a t o r   o v e r -  I .I 

"""I """ I I f l o w   e r r o r   c o u n t  I I 

""""- 
I 

"""I """ 

""""_ 
"""I """ 

B y t e   4 1 ,  A A c c u m u l a t o r   O v e r f l o w   E r r o r  

( 1 - 8 1 A  a c c u m u l a t o r   o v e r -  I I 
I I f l o w   s p i n m o d e  I I 
I l s e a u e n c e   n u m b e r  I 

......................... 

B y t e   4 2 ,  A A c c u m u l a t o r   O v e r f l o w   S p i n m o d e  

I l - 8 l B   a c c u m u l a t o r   o v e r -  I I 
I l f t o w   e r r o r   c o u n t  I I 

......................... 

"""I """ 

B y t e  4 3 ,  B A c c u m u l a t o r   O v e r f l o w   E r r o r  

1 1 - 8 1 8   a c c u m u l a t o r   o v e r -  I I 
I ) f l o w   s p i n m o d e  I I 

......................... 

I l s e a u e n c e   n u m b e r  I I 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1   B y t e   4 4 ,  B A c c u m u l a t o r   O v e r f l o w   S p i n m o d e  

""""_ I l - 8 l c r i t i c a l   t e l e m e t r y  I T B D  
......................... 

I 
"""I """ I' l b u f f e r  I I u 

1 1 ! 2 1 3 1 4 1 5 1 6 ! 7 1 8 )   B y t e   4 5 - 4 9 ,   C r i t i c a l   T e l e m e t r y   B u f f e r  

A 2 . 9 . 4   F l o a t i n s   B 1 o c k . A r e a .  The F l o a t i n g   B l o c k   a r e a  i s  d i v i d e d   i n t o  1 2  s p i n  
a r e a s .  T h e  b o u n d a r i e s   b e t w e e n   s p i n   a r e a s   a r e   n o t   f i x e d ,   b u t  v a r y  
b a s e d   o n  t h e  s i z e   a n d  n u m b e r   o f   b l o c k s   c o n t a i n e d .  

A l l   b l o c k s   s t a r t  w i t h  a o n e   b y t e   b l o c k  I D  c o d e  w h i c h  s p e c i f i e s   t h e  
t y p e   o f   b l o c k .  A l l  b l o c k s   t h e n   c o n t a i n  a o n e   b y t e   b l o c k  l e n g t h  
( e x c e p t   f o r   s e n s o r   d a t a   b l o c k s ,   p a r a .   A 2 . 9 . 4 . 6 . 1 ,   f o l l o w e d   b y   b l o c k  
e n t r i e s .  Some b l o c k s   a l w a y s   e n d   w i t h  a o n e   b y t e   e n d   c o d e  ( F F h e x ) .  

I f  8 g i v e n   b l o c k   o f  t h i s  t y p e   c a n n o t   b e   c o m p l e t e d   w i t h i n  a g i v e n  L R S  
f r a m e ,   f l o a t i n g   b l o c k s   i n   s u b s e q u e n t  LRS f r a m e s   w i l l   h a v e   t h e  same  
b l o c k  1 . D .  c o d e   a n d  the b l o c k   w i l l   c o n t i n u e   u n t i l  a b l o c k  w i t h  t h a t  
c o d e   t e r m i n a t e s   i n  ( F F h e x ) .  

T h e  f i r s t   s p i n   a r e a ,   i n   a l l  PLS p a c k e t s ,   w i l l   c o n t a i n   a l l   b l o c k s  
r e q u i r e d   t o   i d e n t i f y   a n d   p r o c e s s  t h e  s c i e n c e   d a t a   c o n t a i n e d  i n  s p i n  
a r e a  1 .  S u b s e q u e n t l y  , o n l y   c h a n g e s   o r   a d d i t i o n s   t o  t h e  b l o c k s  w i l l  
b e   c o n t a i n e d   w i t h i n  t h e  s p i n   a r e a .  
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B l o c k s   w h i c h   c a n   a p p e a r   i n  t h e  s p i n   a r e a s   a r e   s h o u n   i n   T a b l e  A 2 . 9 . 5 ,  
i n  t h e  o r d e r   i n   w h i c h   t h e y   o c c u r .   N o t   a l l   b l o c k s  m u s t  a p p e a r  i n  e a c h  
s p i n .   A d d i t i o n a l   b l o c , k s ,   w h i c h   c a n   o c c u r   a n y w h e r e   i n   t h e   f l o a t i n g  
b l o c k   a r e a ,   a r e   s h o w n  i n  T a b l e  A 2 . 9 . 6 .  

T a b l e  A 2 . 9 . 5 .  O r d e r e d   B l o c k s  

( B l o c k  I D 1  I L e n g t h  I P a r a .  I 

I 3 0  I Mode S e q u e n c i n g   B l o c k  A I 1 3  I A 2 . 9 . 4 . 1  I 
I 3 2  I Mode S e q u e n c i n g   B l o c k  B I 1 3  I A 2 . 9 . 4 . 1  I 

I 20  I S e n s o r   S e q u e n c i n g   B l o c k  A IN* ( 1 1  m a x . ) (  A 2 . 9 . 4 . 2  I 
I 2 2  I S e n s o r   S e q u e n c i n g   B l o c k  B I N  ( 1 1  m a x . ) l  A 2 . 9 . 4 . 2  I 

I 2 8  I S e c t o r   S e q u e n c i n g   B l o c k  A 1 6 I A 2 . 9 . 4 . 3  I 
I 2A I S e c t o r   S e q u e n c i n g   B l o c k  B I 6 I A 2 . 9 . 4 . 3  I 

I 2 4  I H i g h   V o l t a g e   S e q u e n c i n g   B l o c k  A I 4 I A 2 . 9 . 4 . 4  1 
I 2 6  I H i g h  V o l t a g e   S e q u e n c i n g   B l o c k  B I 4 I A 2 . 9 . 4 . 4  I 

I 2C I U a s s   A n a l y z e r   S e q u e n c i n g   B l o c k  A I N  ( 6 5  m a x . )  I A 2 . 9 . 4 . 5  I 
I 2E. I U a s s   A n a l y z e r   S e q u e n c i n g   B l o c k  B I N  ( 6 5  m a x . )  I A 2 . 9 . 4 . 5  I 

................................. 

1"code"l""""""""""""""""- l"(bYtes)"-l""""" I 

I I I I I 

I I I I I 

I I I I I 

I I I I I 

I I I I I e ) 4 0 + b l o c k l   S e n s o r   D a t a  A 
I c o u n t  I 
I I 

I N  ( 1 2 8 0  m a x ) l  A 2 . 9 . 4 . 6  I 
I I I 
I I I 

1 4 0 + b l o c k )   S e n s o r   D a t a  B I N  ( 1 2 8 0  m a x ) l  A 2 . 9 . 4 . 6  I 
1 c o u n t  I I I I 
* s i z e   v a r i e s  
I """" I """"""""""""""""- I """""" I """"" I 

T a b l e  A 2 . 9 . 6 .  Y o n - o r d e r e d   B l o c k s  

e 

I B l o c k  I D 1  I L e n g t h  I P a r a .  I 

I .  0 0  I N O P  ( f i l l )  I N ( 4 7  m a x . ) l  A 2 . 9 . 4 . 7  I 

I 0 4  I A n a l o g   H o u s e k e e p i n g  I N ( 4 7  m a x . ) )  A 2 . 9 . 4 . 1 0 1  

I 0 6  I D i g i t a l   S t a t u s .  I 47 l ' A 2 . 9 . 3 . 2  I 

I 0 8  I A n a l o g   S e q u e n c i n g   B l o c k  I N ( 4 7  m a x . ) /  A 2 . 9 . 4 . 9  I 

* O c c u r s   a t   s t a r t   o f   e v e r y  PLS p a c k e t .  

................................. 

I"c0de"l""""""""""""""""- I"(bYtes)"-l""""- - I  

I I I I I 

I I I I I 

1 I I I I 

I """" I """"""_"""""""""" I """""" I """"" I 

A 2 . 9 . 4 . 1  Mode S e a u e n c i n a   B l o c k .  The Mode S e q u e n c i n g   B l o c k   c o n s i s t s  o f  1 5  
b y t e s   o f   d a t a ,  1 2  o f   w h i c h   d e t e r m i n e  the  mode  which t h e  i n s t r u m e n t  i s  
i n   f o r  t h e  1 2  r e s p e c t i v e   s p i n s ,  T h e   c o n s t e n t s   a r e   s h o u n   i n  F i g u r e  
A 2 . 9 . 3 ,  w i t h  the  m o d e s   s h o w n   i n   T a b l e  A 2 . 9 . 7 .  

3 3 1  
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A2 9 

B y t e  
B y t e  
B y t e  

B y t e  

B y t e  

B y t e  

B y t e  

B y t e  

B y t e  

B y t e  

B y t e  

B y t e  

B y t e  

B y t e  

B y t e  

1 1'  B l o c k  1 .  D .  
2 I B l o c k   S i z e  ( 1 3 )  I 
3 I Mode n u m b e r   o f   s p i n  1 I 

I ( s e e  T a b l e  A 2 . 9 . 9  f o r  mode types  I 
4 I Mode n u m b e r   o f   s p i n  2 I 

I ( s e e  T a b l e  A 2 . 9 . 9  f o r  mode t y p e s  I 
5 I Mode  number o f   s p i n  3 I 

I ( s e e  T a b l e  A 2 . 9 . 9  f o r  mode t y p e s  I 
6 I Mode n u m b e r   o f   s p i n  4 I 

I ( s e e  T a b l e  A 2 . 9 . 9  f o r  mode types  I 
7 I Mode n u m b e r   o f   s p i n  5 I 

I ( s e e  T a b l e  A 2 . 9 . 9  f o r  mode t y p e s  I 
8 I Mode  number o f   s p i n  6 I 

I ( s e e  T a b l e  A 2 . 9 . 9  f o r  mode t y p e s  I 
9 I Mode  number o f   s p i n  7 I 

I ( s e e  T a b l e  A 2 . 9 . 9  f o r  mode tYDes I 
1 0  I Mode n u m b e r   o f   s p i n  8 I 

I ( s e e  T a b l e  A 2 . 9 . 9  f o r  mode types  I 
1 1  I Mode  number o f   s p i n  9 I 

I ( s e e  T a b l e  A 2 . 9 . 9  f o r  mode t y p e s  I 
1 2  I Mode  number o f   s p i n  10 I 

I ( s e e  T a b l e  A 2 . 9 . 9  f o r  mode t y p e s  I 
1 3  I Mode n u m b e r   o f   s p i n  1 1  I 

I ( s e e  T a b l e  A 2 . 9 . 9  f o r  mode t y p e s  I 
1 4  I Mode n u m b e r   o f   s p i n  1 2  I 

I ( s e e  T a b l e  A 2 . 9 . 9  f o r  mode t y p e s  1 
1 5  I End  Code ( F F  H E X )  I 

"""""""""""""-"""" 
I 

F i g u r e  A 2 . 9 . 3 .  Mode S e q u e n c i n g   B l o c k s  

T a b l e  A 2 . 9 . 7 .  P L S  Modes 

I-Mode  Number I PLS I n s t r u m e n t  A Mode 
""""""""""""-"""""" 

I 1 I V e l o c i t y   D i s t r i b u t i o n  
I """"""_ I - S u r v e v  """"""_" 
I 2 I Beam V e l o c i t y  
I """"""_ I - D i s t r i b u t i o n  """_" 
I 3 I n a s s  C o m p o s i t i o n   S u r v e y  

I 4 I N / A  

I "" - """" I """""""""""- 
I ___-_________ I A D e t e c t o r s  2 M I .  2MD) - 

I------------l-Beam Mass C o m p o s i t i o n  5 

.""""""-""""" 
P L S  I n s t r u m e n t  B Mode I 
V e l o c i t y   D i s t r i b u t i o n  I 

Beam V e l o c i t y  
- S u r v e y  """""""-I 

I - D i s t r i b u t i o n  """"-I 
Mass C o m p o s i t i o n   S u r v e y 1  

Mass C o m p o s i t i o n   S u r v e y !  - $ D e t e c t o r s   3 M I .  3MD) - 1  - Beam Mass C o m p o s i t i o n  I 

- $ D e t e c t o r s  1 M I .  I M D )  - 1  

4 . 2  S e n s o r   S e a u e n c i n g   B l o c k :  T h e  S e n s o r   S e q u e n c i n g   B l o c k   c o n s i s t s  o f  a n  
a r b i t r a r y   n u m b e r   o f   d e t e c t o r  I .  D .  u o r d s ,   t e r m i n a t e d   b y  a b y t e  
c o n t a i n i n g   a n  End Code ( F F H E X ) .  

F i g u r e  A 2 . 9 . 4 .  d e p i c t s  t h e  c o n t e n t s   o f   t h i s   b l o c k ,   a n d   T a b l e  A 2 . 9 . 8 .  
shows the  s e n s o r  1 .  D . ' s .  

3 3 2  
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a 

B y t e  1 
B y t e  2 
B y t e  3 
B y t e  4 
B y t e  5 
B y t e  6 

/ 
\ 

I B l o c k  I .  D .  ( 20 .A .  2 2 = 8 .  H E X )  
I BLock S i z e  < N )  I 
I F i r s t   s e n s o r  1 .  D .  I 
I S e c o n d   s e n s o r  1 .  D .  I 
I T h i r d   s e n s o r  1 .  D .  I 

"""""""""""""""""- 
I 

1 1 1  
I / / I 
I \ \ I 

/ I / / I 
B y t e  N + 1  I L a s t   s e n s o r  1 .  D .  I 
B y t e  N+2 I End Code ( F F  H E X )  I 

F i g u r e  A 2 . 9 . 4 .  P L S  S e n s o r   S e q u e n c i n g   B l o c k  

T a b l e  A 2 . 9 . 8 .  P L S  S e n s o r  1 .  D .  C o d e s  

I 1 .  D .  Code 1 S e n s o r  I 
""""""""""- 

I 0 2  I 2MI I 
I 0 6  I ' P  I 
I O A  I 3p I 
I O E  I 5p I 
I 12 I 7p I 
I 4 2  I 2MD I 
I 4 6  I 1 E  I 
I 4 A  I 3E I 
I 4E I 5E I 
I 5 2  I 7E I 
I 8 2  I 1Ml I 
I 8 6  I 3Ml I 
I 8A I 2p I 
I B E  I 4p  I 
I 9 2  I 6P I 
I c 2  I 1 M D  I 
i C6 I 3MD I 
I C A  I 2E I 
I C E  I 4E I 
I 0 2  I 6E I 

A 2 . 9 . 4 . 3  S e c t o r   S e a w e n c i n g   B l o c k .  T h e  S e c t o r   S e q u e n c i n g  BLock c o n s i s t s  o f  8 
b y t e s  o f  d a t a .   F i v e  o f  t h o s e   d e t e r m i n e  t h e  s e c t o r   s e q u e n c i n g  f o r  
the  s p i n   i t  i s  i n ,   a n d   s u b s e q u e n t   s p i n s   u n t i l   i t  i s  u p d a t e d ,  o r  a new 
PLS p a c k e t   s t a r t s .  The c o n t e n t s  o f  t h i s   b l o c k   a r e   s h o w n   i n  F i g u r e  
A 2 . 9 . 5 .  
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/""""""""""""""""*"" \ 

B y t e  1 I B l o c k  1 . D .  ( 2 8 . A .  2A.B. H E X )  I 
B y t e  2 I B l o c k   S i z e  ( 6 )  I 
B y t e  3 I A A C S  C l o c k  a n g l e   o f   s t a r t   o f  f i r s t  I 

I s e c t o r  ( 0 t o   3 6 0   d e g r e e s ,  see  A 2 . 4 , I  

B y t e  4 I D u r a t i o n   o f   e a c h   e n e r g y   ( o r   m a s s )  I 
I s t e n .   i n   8 . 3 3  ms u n i t s  1 

B y t e  5 I Number o f   s t e p s   t o   b e   s c a n n e d  I 
I i n   t h i s   s e c t o r  I 

B y t e  6 I C l o c k   a n g l e   i , n c r e m e n t   t o   s t a r t   o f  I 
I n e x t   s e c t o r  I 

B y t e  7 I Number o f   s e c t o r s   t o   b e   s a m p l e d  I 
I i n   o n e   s p i n  I 

B y t e  8 I End  Code ( F F  H E X )  I 
\""""""""""""""""""- / 

1 1 1  

F i g u r e   A 2 . 9 . 5 .   S e c t o r   S e q u e n c i n g   B l o c k s  

A 2 . 9 . 4 . 4  High V o l t a q e   S e a u e n c i n Q   B l o c k .  The H i g h   V o l t a g e   S e q u e n c i n g  B L o c k  
c o n t a i n s  6 b y t e s ,  3 o f  w h i c h  d e t e r m i n e  t h e  h i g h   v o l t a g e   s e q u e n c e   g o n e  
t h r o u g h .  The c o n t e n t s   o f   t h i s   b l o c k   a r e   s h o w n   i n   F i g u r e  A 2 . 9 . 6 .  

/""""""""""""""""""- \ 

B y t e  1 I B l o c k  I . D .  ( 2 4 = A .   2 6 . 8 .  H E X )  I 
B y t e  2 I B l o c k   S i z e   ( 4 )  I 
B y t e  3 I I n i t i a l  S t e p  Number I 
B y t e  4 I S t e p  Number i n c r e m e n t  I 
B y t e  5 I F i n a l   S t e p  Number I 
B y t e  6 1 End  Code ( F F  H E X )  I 

\""""""".""""""""""" / 

F i g u r e   A 2 . 9 . 6   H i g h   V o l t a g e   S e q u e n c i n g   B l o c k s  

A 2 . 9 . 4 . 5  Mass A n a l y z e r   S e a u e n c i n a   B l o c k .  T h e  Mass A n a l y z e r   S e q u e n c i n g  BLock  
c o n t a i n s   l i s t s   o f   m a s s   a n a l y z e r   s t e p   n u m b e r s .  T h e  l i s t  i s  t e r m i n a t e d  
b y   a n   e n t r y   o f  F F  . 

h e x  

T h i s   b l o c k   i s   s h o w n   i n   F i g u r e   A 2 . 9 . 7 .  T h e  b i t   d e f i n i t i o n s  o f  t h e  
s t e p  n u m b e r   b y t e s  i s  s h o w n   i n   T a b l e   A 2 . 9 . 9 .  

/""""""""""""""""""- \ 
B y t e  1 I B l o c k  I . D .  <2C=A.   2E=B.  H E X )  I 
B y t e  2 I B l o c k   S i z e  < N )  I 
B y t e  3 I F i r s t   m a s s   a n a l v s i s  s tep  number I 
B y t e  4 I S e c o n d   m a s s   a n a l v s i s  8teD number I 
B y t e  5 I T h i r d   m a s s   a n a l v r i r  s t e p  number I 
B y t e  6 I F o u r t h   m a s s   a n a l v r i r  steD number I 

/ I  / / i 
\ I  \ \ I 
1 I - r  / I 

B y t e   N + l  I L a s t   m a s s   a n a l v s i s  s teD number I 
B y t e   N + 2  I End Code ( F F  H E X )  I 

\""""""""""""""""""- / 

F i g u r e   A 2 . 9 . 7 .  Mass A n a l y z e r   S e q u e n c i n g   B l o c k s  
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T a b l e  A Z . 9 . 9 .  Mass A n a l y s i s   s t e p   n u m b e r   b i t   d e f i n i t i o n s  

"""""""_ """"""""""""~"""""""----------- 
1 1 - 2  I S D a r e  _ _ _ _ _ _ _ _ _ _ _ _ _ _ I  ___________- -"--"-----I 

I - - - - - - - -13-8(  m a s s   a n a l y s i s   s t e p  I 0 - 6 3  I 
I I I"-l-Pumbers """"""I """""" """-"---I 
L ""I "" w 

( 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 )  P L S  I n s t r u m e n t  A 

"""""""" 

"""""""""""""""""""""""-"- 
I """""""-I 2 I m a s s  s p e c t r o m e t e r  I O = m a s s   s p e c t r o m e t e r  1 I 

I - L l - s D a r e  """""""I """""_ """------- I 

I I  I "- I - n u m b e r s  """""" I - l = m a s s   s D e c t r o m e t e r  L-1 
I I  ,,,,,,-,13-81 m a s s   a n a l y s i s   s t e p  I 0 t o  6 3  I 
I I  I I"-l-numbers """"""I """""""""""" I 
I I ""I"" u 

) 1 ~ 2 1 3 ~ 4 l 5 l 6 1 7 1 8 1  P L S  I n s t r u m e n t  A 

A 2 . 9 . 4 . 6  S e n s o r   D a t a   B l o c k .  The S e n s o r   D a t a   B l o c k   c o n t a i n s   s e n s o r   d a t a ,  
a r r a n g e d   i n  a s e q u e n c e   d e t e r m i n e d   b y  t h e  p r e v i o u s l y   m e n t i o n e d  
S e q u e n c i n g   B l o c k s .  The s e q u e n c e   b e g i n s   w i t h  t h e  f i r s t   s e n s o r   t i s t e d  
i n   t h e   l a t e s t   a v a l i e b l e   S e n s o r   S e q u e n c i n g   B l o c k ,   a t   t h e   f i r s t  e n t r y  
i n  the  l a t e s t   M a s s   A n a l y z e r   S e q u e n c i n g   b l o c k ,   a t  t h e  f i r s t   e n t r y  i n  
t h e   l a t e s t   H i g h   V o l t a g e   S e q u e n c i n g   b l o c k ,   a n d   a t  t h e  f i r s t   e n t r y  i n  
t h e  l a t e s t   S e c t o r   S e q u e n c i n g   b l o c k .   A f t e r   g o i n g   t h r o u g h   a l l   e n t r i e s  
i n   t h e   S e n s o r   S e q u e n c i n g   B l o c k ,   i t   g o e s   t o  t h e  n e x t   e n t r y   i n   t h e  Mass 
A n a l y z e r   S e q u e n c i n g   B l o c k ,   t h e n   g o e s   t h r o u g h  t h e  S e n s o r   S e q u e n c i n g  
B l o c k   a g a i n .   T h i s   p r o c e s s   i s   i l l u s t r a t e d   i n   F i g u r e  A 2 . 9 . 8 .  T h i s  
b l o c k   i s   s h o w n   i n   f i g u r e  A 2 . 9 . 9  T h e   s e n s o r   d a t a   i t s e l f  i s  
l o g a r i t h m i c a l l y   c o m p r e s s e d .  T h e  d e c o m p r e s s i o n   a l g o r i t h m  i s  g i v e n   i n  
F i g u r e  A 2 . 9 . 1 0 .  

S e c t o r   S e q u e n c i n g   B l o c k   e n t r y  < - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I 

I I  

I l l  

I I l l  

I l l  

I I  

I 

H i g h   V o l t a g e   S e q u e n c i n g   B l o c k   e n t r y  . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

M a s s   A n a l y z e r   S e q u e n c i n g   B l o c k   e n t r y  e - - - - - - - - - - - - - - - - - - -  I I  

S e n s o r   S e q u e n c i n g   B l o c k   e n t r y  < - - - - - - - - - - - - - - - - - - -  I l l  

Next S e n s o r   S e q u e n c i n g   B l o c k   e n t r y ,   t i l l   t h r o u g h  - I l l  

N e x t   M a s s   A n a l y z e r   S e q u e n c i n g   B l o c k   e n t r y ,   t i l l   t h r o u g h  - I 1 

N e x t   H i g h   V o l t a g e   S e q u e n c i n g   B l o c k   e n t r y ,   t i l l   t h r o u g h  - - - - - - - -  I 

Next S e c t o r   S e q u e n c i n g   B l o c k   e n t r y ,   t i l l   t h r o u g h  . . . . . . . . . . . . . . . . . . . .  

F i g u r e  A 2 . 9 . 8 .  S e q u e n c i n g   o f   S e n s o r   D a t a   B l o c k   E n t r i e s .  
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B y t e  1 I B l o c k  1 .  D .  ( 4 0  + N = A ,  8 0  + N I B ;  I 
I w h e r e   N t E l o c k   S i t e )  I 

B y t e  2 I F i r s t   s e n s o r   d a t u m  I 
B y t e  3 I S e c o n d   s e n s o r   d a t u m  I 
B y t e  4 I T h i r d   s e n s o r   d a t u m  I 
B y t e  5 I F o u r t h   s e n s o r   d a t u m  I 

"_""""""""~"""""""- 

/ I / / I 
\ I  \ \ I 
/ I / / I 

B y t e  N I L a s t   s e n s o r   d a t u m  I 

F i g u r e  A 2 . 9 . 9 .  S e n s o r   D a t a   B l o c k s  

D e c o m D r e s s i o n  
X C N 

11 4 1 5  I 1  ' 6  I 81 - - - - - - " - - - >  

P L S  Data   Uord P L S  A c c u m u l a t o r   V a l u e  

A l g o r i t h m :   f o r  X = O  N = C  

f o r  X * O  N = ( 1 6 + C )  2 - ( X - 1 )  

F i g u r e  A 2 . 9 . 1 0 .  S e n s o r   D a t a   D e c o m p r e s s i o n   A l g o r i t h m  

A 2 . 9 . 4 . 7  N O P  ( F i l l )   B l o c k .  T h e  N O P  b l o c k   c o n t a i n s   f i l l   d a t a   u s e d   t o  f i l l  t h e  
P L S  t e l e m e t r y   a l l o c a t i o n  w h e n   n o   u s e f u l   d a t a   i s   a v a i l i a b l e .  The 
c o n t e n t s   o f  t h i s  b l o c k  i s  s h o w n   i n   F i g u r e  A 2 . 9 . 1 1 .  

B y t e  1 I B l o c k  1 .  D .  ( 0 0 )  
B y t e  2 I B l o c k   S i z e  ( I )  I 
B y t e  3 I F i l l   D a t a  ( 0 0 1  I 
B y t e  4 I F i l l   D a t a  ( 0 0 )  I 

"""""""""""""""""- 
I 

/ I / / I 
\ I  \ \ I 
/ I  / / I 

B y t e  N + 1  I F i l l  D a t a  ( 0 0 )  I 
B y t e  N + Z  I F i l l  D a t a  ( 0 0 )  I 

F i g u r e  A 2 . 9 . 1 1 .  N O P  B l o c k  

A 2 . 9 . 4 . 8  D e l e t e d .  

F i g u r e  A 2 . 9 . 1 2 .  D e l e t e d  

A 2 . 9 . 4 . 9  A n a l o a   S e q u e n c i n g   B l o c k .   T h i s   b l o c k   s p e c i f i e s  t h e  c o n t e n t s  o f  t h e  
A n a l o g   H o u s e k e e p i n g   B l o c k .  The c o n t e n t s   a r e   s h o w n   i n   F i g u r e  A 2 . 9 . 1 3 .  
The m e a s u r e m e n t s   c o r r e s p o n d i n g   t o  the  a l l o w a b l e   v a l u e s   a r e  s h o u n  i n  
T a b l e  A 2 . 9 . 1 0 .  
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B y t e  1 
B y t e  2 
B y t e  3 
B y t e  4 
B y t e  5 

/ 
\ 
/ 

B y t e  Y + l  
B y t e  Y+2 

I B l o c k  I .  D .  ( 0 8 )  
I B l o c k   S i z e  ( N )  I 
I F i r s t   A n a l o g   M e a s u r e m e n t  1 . D .  I 
I S e c o n d   A n a l o g   M e a s u r e m e n t  1 . D .  I 
I T h i r d   A n a l o a   M e a s u r e m e n t  I . D .  I 

""""""""""""""""--- 
I 

I / / I 
I \ \ I 
I / / I 
I L a s t   A n a l o g   M e a s u r e m e n t  I . D .  I 
I End Code < F F  H E X )  I 

F i g u r e  A 2 . 9 . 1 3 .  A n a l o g   S e q u e n c i n g   B l o c k  

T a b l e  A 2 . 9 . 1 0 .  P L S  Ana log   Measurement  I .  D .  Codes  """""_""""""""""""""""""""" 
1 1 . 0 .  C o d e l l n s t r u m e n t l   M e a s u r e m e n t  I C o n t e n t s  I 

l e n e r g y   a n a l y z e r 1 0  t o   2 6 0 0   v o l t s  I 1 0 0 1  A 
I I l h i g h   v o l t a g e  I I 
1 0 1 1  A ( d e t e c t o r   b i a s  10 t o  3 8 0 0  v o l t s  I 
I I l h i a h  v o l t a a e  I I 
1 0 2 1  A I c o m p o s i t i o n  I 0 t o  1 5 0  ma I 
I I I a n a l y z e r  I I 
I I I c u r r e n t  I I 
I 0 3  I A I L V P S  c u r r e n t  I 0 t o  2 0 0  ma I 
I 0 4 1 A  ( e n e r g y   a n a l y z e r 1  0 t o   2 0  ma I 
I I I c u r r e n t  I I 
I 0 5  I A I L V P S  - 8 . 0  v o l t s 1  0 t o  - 1 0  v o l t s  I 
I 0 6  I A I L V P S  + 5  v o l t s  I 0 t o  8 v o l t s  I 
I 0 7  I A I L V P S  + 6 . 5   v o l t s 1  0 t o  8 v o l t s  I 
I 0 8  I A I L V P S  + 7 . 5  v o l t s l  0 t o  1 0  v o l t s  I 
I 0 9  I A I L V P S  + 1 0  v o l t s l  0 t o  1 5  v o l t s  I 
I O A  I A I L V P S  + 2 7  v o l t s 1  0 t o  ' 4 0  v o l t s  I 
I O B I  A I o v o l t s   r e f . /  1 0  t o  5 v o l t s  I 
I I I c o v e r   d e p l o y  ( 0  v o l t s = d e p l o y e d l  
I I 13 v o l t s e c l o s e d  I 
I O C I  A I t e m p e r a t u r e  I - 7 8  t o  1 0 0  I 
I I I t r a n s d u c e r  1 d 
I O D 1  A \ d e t e c t o r   b i a s  , I  0 t o  3 0  ma 
I 7 1  
I O E I  A I s u p p l e m e n t a l  I o t o  5 v o l t s  I 
I I I h e a t e r   c o n t r o l  I I 
I O F  I A I s p a r e  I I 
1 1 0 1  B l c n e r g y   a n a l y z c r l  0 t o   2 6 0 0   v o l t s 1  
I I 
l 1 1 I B  J d e t e c t o r  b i a s  I 0 t o  3 8 0 0  v o l t s 1  
I l h i p h  v o l t a g e  I 

e s r e e s  I 
I 

l h i a h   v o l t a g e  I I 

I 
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T a b l e  A 2 . 9 . 1 0 .  P L S  A n a l o g   M e a s u r e m e n t  I .  D .  C o d e s  

1 1 . 0 .  C o d e l l n s t r u m e n t l   M e a s u r e m e n t  I C o n t e n t s  
""""""""""""""""""""""""----- 

I 
1 1 2 1  B I c o m p o s i t i o n  I 0 t o  1 5 0  ma I 
I I I a n a l y z e r  I I 
I I c u r r e n t  I I 
I 1 3  1 B I L V P S  c u r r e n t  I 0 t o  2 0 0  ma I 
I 1 4  I B ! e n e r g y   a n a l y z e r 1  0 t o  2 0  ma 
I 

I 
I I c u r r e n t  I I 

I 1 5  I B I L V P S  - 8 . 0  v o l t s 1  0 t o  - 1 0  v o l t s  I 
I 16 I B 
I 1 7  I B I L V P S  + 6 . 5  v o l t s 1  0 t o  8 v o l t s  I 
I 1 8  I B ILVPS + 7 . 5  v o l t s l  0 t o  1 0  v o l t s  I 
I 1 9  I B I L V P S  + 1 0  v o l t s l  0 t o  1 5  v o l t s  I 
I 1 A  I B 1 L V P S  + 2 7  v o l t s 1  0 t o  4 0  v o l t s  I 
I l B I  B I 0 v o l t s   r e f . /  10 t o  5 v o l t s  I 
I I 
I I I 
I 
I I 
I 

I t r a n s d u c e r  I d e a r e e s  

I I I 
I 

I c u r r e n t  
I 

I I I I 
I 

I LVPS + 5  v o l t s  I 0 t o  8 v o l t s  I 

I c o v e r   d e p l o y  10 v o l t s = d e p l o y e d l  
13 v o l t s = c l o s e d  I 

I C  I B I t e m p e r a t u r e  I - 7 8  t o  1 0 0  

1 D  I B I d e t e c t o r   b i a s  I 0 t o  3 0  ma 

1 E  I B I s p a r e  

1 F  I B I s D a r e  I 

I 
I 
I 
I 
I 
I 
I 

A 2 . 9 . 4 . 1 0  A n a l o g   H o u s e k c e D i n g   B l o c k .   T h i s   b l o c k   i s   i n   a d d i t i o n   t o   t h e   f i x e d  
S u b c o m m u t a t e d   A n a l o g   H o u s e k e e p i n g .   T h i s   b l o c k   c o n t a i n s   a n a l o g   d a t a  
w h o s e   c o n t e n t s   a r e   s p e c i f i e d   b y  the A n a l o g   S e q u e n c i n g  B l o c k ,  p a r a .  
A 2 . 9 . 4 . 3 .  T h e   c o n t e n t s   a r e   s h o w n   i n   F i g u r e  A 2 . 9 . 1 4  

B y t e  1 
B y t e  2 
B y t e  3 
B y t e  4 
B y t e  5 
B y t e  6 

/ 
\ 

"""""""""""""""""- 
B l o c k  I .  D .  ( 0 4 )  
B l o c k  S i z e  ( N )  
F i r s t   A n a l o a   M e a s u r e m e n t   V a l u e  
S e c o n d   A n a l o g   M e a s u r e m e n t   V a l u e  I 
T h i r d   A n a l o g   M e a s u r e m e n t   V a l u e  I 
F o u r t h   A n a l o g   M e a s u r e m e n t   V a l u e  I 

I 
I 
I 

/ / I 
\ \ I 

/ I  / / I 
I 
I 

B y t e  N + l  I L a s t   A n a l o g   M e a s u r e m e n t   V a l u e  
B y t e  N+2 I End Code ( F F   H E X )  

F i g u r e  A 2 . 9 . 1 4 .  A n a l o g   H o u s e k e e p i n g   B l o c k  
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F i g u r e  A 2 . 9 . 1 5 .  D e l e t e d  

F i g u r e  A 2 . 9 . 1 6 .  D e l e t e d  

A 2 . 9 . 5  T e l e m e t r y  Mode C h a n a e s .   U p o n  t h e  a p p l i c a t i o n   o f   s y s t e m   p o u e r ,  P L S  

s h a l l   d i s a b l e  i t s  h i g h   v o l t a g e ,   a n d   c o n f i g u r e  
i n s t r u m e n t   s y n c h r o n i c i t y   s h o w n   i n   T a b l e  A 2 . 9 . 1 ,  a n d   a t  
o f  t h e  n e x t   c y c l e ,   g e n e r a t e   v a l i d   t e l e m e t r y .  Commanded 
c h a n g e s   s h a l l   b e   p r o c e s s e d   a t   t h e   t i m e   o f   r e c e i p t ' .  
c h a n g e s   s h a l l   o c c u r   a t   t h e   b e g i n n i n g   o f  t h e  i n s t r u m e n t  
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A 2 . 1 0  P H O T O P O L A R I M E T E R  R A D I O M E T E R  SUBSYSTEM T E L E M E T R Y  

T h e s e   p a r a g r a p h s   d e s c r i b e  t h e  f o r m a t   a n d   c o n t e n t  o f  t h e  P P R  o u t p u t .  

A 2 . 1 0 . 1  P P R  P a c k e t .  The s c h e m a t i c   o f  t h i s  p a c k e t  i s  s h o u n   i n   F i g u r e   A 2 . 1 0 . 1 .  
One P P R  p a c k e t  i s  p l a c e d   i n   e a c h  L R S  f r a m e .  

I 
........................... 

I s t a t u s  I P P R  S c i .  I P P R  S c i .  I P P R  S c i .  I 

T i t l e  I s t a t u s   l ~ c i e n c e l  1 I 2 I 3 I 

D a t a   O f f s e t  I 0 I 4 8  I 5 6  I 8 0  I , 1 1 2  I 

B i t s / p a c k e t  I 4 8  I 8 1  2 4  I 3 2  I 3 2  I 

D e s c r i p t i o n  I A 2 . 1 0 . 3   l A 2 . 1 0 . 4 1   A 2 . 1 0 . 5  I A 2 . 1 0 . 6  I A 2 . 1 0 . 7  I 

I I n s t r u m e n t  I 8 I D a t a  I D a t a  I D a t a  I . 

I I I I I I 

I I I I I I 

1 I I I I I 

I I I I I I 

F i g u r e   A 2 . 1 0 . 1  P P R  P a c k e t  

A 2 . 1 0 . 2   I n s t r u m e n t   S v n c h r o n i c i t v .  T h e  c o n t e n t s   o f  t h e  P P R  p a c k e t   a r e   u n i q u e l y  
d e t e r m i n e d   b y   d a t a   a v a i l a b l e   u i t h i n  t h e  p a c k e t .  

A 2 . 1 0 . 3   I n s t r u m e n t   S t a t u s .  T h e  c o n t e n t s   o f   t h e   d i g i t a l   s t a t u s   s e c t i o n   a r e  
s h o u n   i n   T a b l e   A 2 . 1 0 . 1 .  

T a b l e   A 2 . 1 0 . 1  P P R  I n s t r u m e n t   S t a t u s  (MSB i s   b i t  1 )  

B i t C s )   M e a s u r e m e n t   C o n t e n t s  

"""-""""" I 1 [memory I D  lO=memory # l  I 

I 2 l c o m m a n d   p a r i t y   l O = n o   p a r i t y   e r r o r  I 

......................... 

I I 1 l l = m e m o r v  # 2  I I .""""""" 
I I  I I I l = D e r i t v   e r r o r  I I I """"""_ 1 3 I t e l e m e t r y / s e c t o r   l O = n o   p a r i t y   e r r o r  I 
I l l  I I D a r i t v   I l = D a r i t y   e r r o r  I I I I """"" 1 4 - 5 ) v a t i d  command count   lOO=command # O  1 
I l l  I I  MOD 4 )  IOl=command  #1 I 
I l l  I I I  I lO=command  #2  I 

- 1 1 1  I I I I l l = c o m m a n d  # 3  I 
I l l  I ""_ 1 6 - 8 1 m o d e   1 0 0 0 = t r a n s i t i o n  I 
I l l  I I I I  l O O l = c y c t e  1 I 
I l l  I I I I  1 0 1 0 = P P / P h  I 
I l l  I I I I  l O l l = P h  I 
I 1 . 1  I I I I  1 1  OO=Rad I 
I l l  I I I I  I l o l = P o s i t i o n   S e l e c t  I 
I l l  I I I I  I l l O = C y c l e  6 I 
I I I I - 1 -  I I I l l l = C v c l e  7 I u 

1 1 1 2 1 3 1 4 i 5 1 6 1 7 1 8 1  P P R  B y t e   # 1  

340  



GLL-3-280 Rev. D 

T a b l e   A 2 . 1 0 . 1  P P R  I n s t r u m e n t   S t a t u s  ( M S B  i s   b i t  1 )  

B i t ( s )  M e a s u r e m e n t   C o n t e n t s  

""""""" 

"""""~"""""""""""""""--------- 
I l - 4 I G a i n  P P / P h  I G a i n  S . t e p  0 - 1 5  I 

I """" j 5 - 6 l G a i n  Rad \ G a i n  S t e p  0 - 3  I 
I I "" 1 7 - 8 j N u m b e r  o f  s a m p l e s  l o o = !  s a m p l e  I 
I I I  I 1  1 0 1 = 4   s a m p l e s  I 
I I I  I 1  1 1 0 = 1 6   s a m p l e s  I 

- - I - -  I I I I 1 1 1 = 2 5 6   s a m p l e s  I u 
( 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  P P R  B y t e   # 2  

""""""""- I 1 I n u m b e r  o f  s a m p l e s   I O = x l  I 
I I l m u l   t i p [   i e r   I l = x 4  I I """"""" ( 2 - 3 ( n u m b e r  o f  p o s i t i o n s  l O O = O  I 
I I  I I  IO0=1  I 
I I  I I  1 1  0 = 2  I 
I I  I I 1 1 1 = 5  I 

""""""""""""""""~"-"""-------- 

I 4 ! c a l i b r a t i o n   l a m p  I O=of f I 
I 1  = o n  I 

I 5 ~ D C R  i n i t i a t e   I O = i n h i b i t  I 
I l = e n a b l e  I 

I 6 l b o o m   s e q u e n c e   I O = i n h i b i t  I 
I l o p e r a t i o n   l l = e n a b l e  I 
I 7 ! c h o p p e r   h e a t e r  10 ( i n o p e r a t i v e )  I 

I 8 ] t e l e m e t r y   s e n t   I o = c u r r e n t   m e m o r y   n o t  I 

I I 

I I 

I I I I 
I 
I I I I I I I  I I  l r e a d   o u t  I 
I I I I I I I   I I  J l = c u r r e n t   m e m o r y  I 
I I I I I I I  I I l r e a d   o u t  I 
l l l A A l U  

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  P P R  B y t e   # 3  

""""""- I l - 5 l p r o g r a m m e d   F i l t e r /   l p o s i t i o n   0 - 3 1  I 
.......................... 

I I R e t a r d e r   ~ o s i t i o n  I I 
I 6 ( t e m p e r a t u r e   r a n g e  ) o = l O U  I 

I 7 l s p a r e  I I 
I 8 l h s k p   s t a t u s   p a r i t y  l s e t  t o  y i e l d   o d d   p a r i t y  I 
I I j l t h i q h  I 

I I t i n   b y t e s   1 - 6  I 

P P R  B y t e  # 4  

......................... 

""""" I l - 8 l t e m p e r a t u r e   d a t a  ( 8  MSBs of  t e m p  I 
"""I """ I I M S B S  l d a t a   ( 1 2   b i t s   t o t a l )  I u 

1 1 1 2 1 3 1 4 j 5 1 6 1 7 1 8 1  P P R  B y t e  # 5  
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T a b l e  A 2 . 1 0 . 1  P P R  I n s t r u m e n t   S t a t u s  (MSB i s  b i t  1 )  

BitCs) M e a s u r e m e n t   C o n t e n t s  

""""""" 

......................... 

1 1 - 4 l t e m p e r a t u r e   d a t a  14 L . S . B s  o f   t e m p  I 
I I I L S B S  l d a t a   ( 1 2   b i t s   t o t a l )  I 
I """ 1 5 - 8 l t e m p e r a t u r e  I D  1 0 0 0 0 = R C T - l  I 
I I I t  ~ O O O ~ = R C T - R  I 
I I I 1  1 0 0 1 0 = R C T - 2  
I I I I  1 0 0 1 1 = ~ ~ ~ - 1  I 

' I  

I I I 1  10100=PRM-2 I 
I I I I  1 0 1 0 1 = ~ ~ ~ - 1  I 
I I I I  10110=CHH-2 I 
I I I I  ] O ~ ~ ~ = R A S - ~ A  I 
I I I 1  ~ ~ O O O = R A S - ~ B  I 
I I I I  11001=RAS-2A I 
I I I I  ) 1 0 1 0 = R A S - 2 B  I 
I I I I  I ~ O I ~ = B R R E F  I 
I I I 1  ~ I I O O = S C B A F  I 
I I I I  1 1  ~ o ~ = N / A  1 
I I I 1  1 1  1 I O = N / A  I 

" 1" " I" I I I ~ I ~ ? = N / A  I u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 (  P P R  B y t e  #6 

A 2 . 1 0 . 4   S t a t u s   a n d   S c i e n c e .  The s t a t u s   a n d   s c i e n c e   s e c t i o n   o f  t h e  p a c k e t  
c o n t a i n s   i n f o r m a t i o n   u s e d   b o t h   f o r   d e t e r m i n i n g   t h e   h e a l t h  o f  t h e  
i n s t r u m e n t ,   a n d   f o r   s c i e n c e   p u r p o s e s .  T h e  c o n t e n t s   a r e  s h o w n  i n  
T a b l e   A 2 . 1 0 . 2 .  
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T a b l e   A 2 . 1 0 . 2   S t a t u s   a n d   S c i e n c e  (MSB i s  b i t  1 )  

B i t ( s )   M e a s u r e m e n t   C o n t e n t s  

......................... ""."""""" I 1 l r a d   d a t a   # 1  
I I I  
I I I  I d a t a  I 
I I I  
I I 18 s c i e n c e   t e m o e r a t u r e  I 
I "_"""" I 2 - 6 l F i l t e r / R e t a r d e r   J i d e n t i f i e s  t h e  F R P  ' I  
I I I l p o s i t i o n   # 1   ) p o s i t i o n   ( 0 - 3 1 )   c o r r e s -  1 
1 I I I  
I I I I  ( o f   b y t e s   8 - 1 0  I 
I I I [ ( b i t  2 i s  MSB) I 
I I ""- I 7 l c a l i b r a t i o n / b o o m   ) O = l a s t   s a m p l e   p a i r   t a k e n (  

I I I I l t a g  # 1  ) d u r i n g  S / C  r o l l  w i t h  I 
I I I I I  ( b o o m   s e q u e n c e   o p e r a t i o n  I 
I I I I I  l a c t i v e   t o   s e r v e  a s  a I 
I I I I 1  I s e p a r a t o r   f o r   d a t a   t a k e n 1  
I I I I I  I o n   s u c c e s s i v e  r o l l s .  I 
I I I I 1  1 1 = 1 A  and 1 B  d a t a   t a k e n  I 
I I '  I I 1  l u i t h   i n t e r n a l  o r  e x -  I 
I I I I I  ( t e r n e 1   c a l   l a m p   p o w e r e d , )  
I I I I I  l o r  t h e  1st s a m p l e   d u r i n g 1  
I I I I I  l a  S / C  r o l l  w i t h  t h e  boom1 
I I I I I  l s e q u e n c e   o p e r a t i o n  I 

I I I I l a c t i v e  I 
I I I ". I 8 I p a r i t y   # 1   ( p a r i t y   I O = e v e n   p a r i t y  I 
I I I I  I ! o f  s c i e n c e   d a t a   I l = o d d   p a r i t y  I 
I "-I"- I I I ( b y t e s   7 - 1 0 )  I I u 

l f o r   s a m p l e s  #1A  and 1 8  I 
) O = P P / P H  s c e n e   s c i e n c e  I 

I l = r a d   s c e n e   s c i e n c e   d a t a l  

l p o n d i n g   t o   s c e n e   s a m p l e s 1  

1 1 1 2 1 3 1 4 1 5 1 6 1 7 j 8 ]  P P R  B y t e  # 7  

A 2 . 1 0 . 5  P P R  S c i e n c e   D a t a  1 A  B 1 B .  P P R  S c i e n c e   D a t a  1 A  a n d  1 6  ( b y t e s  7 - 1 0 )  
c o n t a i n s  Rad d a t a ,   F i l t e r / R e t a r d e r   p o s i t i o n s ,   c a l i b r a t i o n   l a m p   s t a t u s  
d u r i n g  t h e  d a t a   p e r i o d ,  boom t a g   i n f o r m a t i o n ,  1 A  B 1 B  p a r i t y   ( a s   s h o w n  
i n   T a b l e   A 2 . 1 0 . 2 )   p l u s  2 ( 1 2   b i t )   s c e n e   s a m p l e s   m a d e   u p  o f  3 ( 8  b i t )  
b y t e s   a s   s h o w n   i n   T a b l e   A 2 . 1 0 . 3 .  

T a b l e   A 2 . 1 0 . 3   S c i e n c e   D a t a  1 A  8 1 8  (MSB i s  b i t  1 )  

B i t ( s )   M e a s u r e m e n t   C o n t e n t s  

""""" I l - 8 ) s c e n e   s c i e n c e   s a m p l e  18 MSBs o f  a 1 2   b i t   w o r d  I 
I I ( # ' A  l d e n o t i n g  t h e  1 s t  P P / P H  I 
I I I  l s c e n e   s c i e n c e   o r  I 
I I I  ( r a d i a t i o n   s c e n e   s c i e n c e  I 

_"""""""""~""""""""""""""" 

"""I """ I I s a m D l e  I 
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T a b l e   A 2 . 1 0 . 3   S c i e n c e   D a t a  1 A  & 1 B  ( M S B  i s   b i t  1 )  

B i tCsL M e a s u r e m e n t   C o n t e n t s  

""""""" 

......................... 

I 
I I I  l s c e n e   s c i e n c e   o r  I 
I I I  
I I 1 I s a m D l e  
I 

, I  

I I I I # 1 B   l d e n o t i n g   t h e   2 n d  P P / P H  I 
I I I I  l s c e n e   s c i e n c e   s a m p l e  ( o f 1  
I I I I  l a  s i m u l t a n e o u s l y  I 
I I I I  
I I I I  
I I I I  I s a m p l e   i f  1~ i s  s a m p l i n g 1  

I 

I l - 4 l s c e n e   s c i e n c e   s a m p l e  14 L S B s  o f  a 1 2   b i t   u o r d  I 
I l # l A   ( c o n t i n u e d )  l d e n o t i n g  t h e  1st P P / P H  I 

l r a d i a t i o n   s c e n e   s c i e n c e  I 

1 5 - 8 1 s c e n e   s c i e n c e   s a m p l e  14 M S B s  o f  a 1 2   b i t   u o r d  I """ 

l o b t a i n e d   s a m p l e   p a i r )  o r 1  
l a   s c i e n c e   t e m p e r a t u r e  I 

" I " " I" I I l r a d i a t i o n  - 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  P P R  B y t e   # 9  

""""" I l - 8 l s c e n e   s c i e n c e   s a m p l e   1 8  L S B s  o f  a 1 2   b i t   u o r d  I 
I I I # l B   ( c o n t i n u e d )   l d e n o t i n g  t h e  2 n d  P P / P H  I 
I I I  
I I I  l a  s i m u l t a n e o u s l y  I 
I I I  
I I I  
I I I  I s a m p l e   i f  I A  i s  s a m p l i n g 1  

"""I """ I I l r a d i a t i o n  I 

.......................... 

l s c e n e   s c i e n c e   s a m p l e  ( o f 1  

l o b t a i n e d   s a m p l e   p a i r )   o r 1  
l a  s c i e n c e   t e m p e r a t u r e  I - 

1 1 1 2 ! 3 1 4 1 5 1 6 1 7 1 8 1  P P R  B y t e   # 1 0  

A 2 . 1 0 . 6  P P R  S c i e n c e   D a t a  2A & 2 B .  P P R  S c i e n c e   D a t a  2A a n d  2B ( b y t e s  1 1 - 1 4 )  
c o n t a i n s   d a t a   a n a l o g o u s   t o   A 2 . 1 0 . 5 ,   T a b l e s   A 2 . 1 0 . 2   a n d   A 2 . 1 0 . 3 ,  
d e n o t i n g  t h e  s e c o n d   s c e n e   s c i e n c e   s a m p l e   p a i r   o f  t h e  P P R  p a c k e t   a s  
s h o u n   i n   F i g u r e   A 2 . 1 0 . 1 .  

A 2 . 1 0 . 7  P P R  S c i e n c e   D a t a  3A 8 3 8 .  P P R  S c i e n c e   D a t a  3A a n d  3 8  ( b y t e s   1 5 - 1 8 )  
c o n t a i n s   d a t a   a n a l o g o u s   t o   A 2 . 1 0 . 5 ,   T a b l e s   A 2 . 1 0 . 2   a n d   A 2 . 1 0 . 3 ,  
d e n o t i n g   t h e   t h i r d   s c e n e   s c i e n c e   s a m p l e   p a i r   o f  t h e  P P R  p a c k e t   a s  
s h o u n   i n   F i g u r e   A 2 . 1 0 . 1 .  

A 2 . 1 0 . 8   T e l e m e t r y  Mode C h a n a e s .   U p o n   a p p l i c a t i o n   o f   s y s t e m   p o u e r ,  P P R  s h a l l  
c o n f i g u r e   i t s e l f   t o  a n o r m a l   o p e r a t i n g   m o d e .  A l l  d a t a   s h a l l   b e  
v a l i d .  
Commanded t e l e m e t r y   m o d e   c h a n g e s   a r e   p r o c e s s e d   a f t e r   c o m p l e t i o n  o f  
c u r r e n t  mode d a t a   a c q u i s i t i o n .  Mode c h a n g e s  u i l l  o c c u r   a t   t h e   s t a r t  
o f  a M O D  9 1   c o u n t .  
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A 2 . 1 1  PLASMA U A V E  SUBSYSTEM T E L E M E T R Y  

T h e s e   p a r a g r a p h s   d e s c r i b e  t h e  f o r m a t   a n d   c o n t e n t   o f   t h e  P U S  o u t p u t  

A 2 . 1 1 . 1  PUS LRS P a c k e t  

T h e  s c h e m a t i c   o f  a PUS LRS p a c k e t   i s   s h o w n   i n   F i g u r e  A 2 . 1 1 . 1 .  1 
p a c k e t  i s  p l a c e d   i n   e a c h  L R S  f r a m e .  

T i t l e   1 D i g i t a l )   A n a l o g  I F i l t e r   C h a n n e l s  I D a t a  I W a v e f o r m   S u r v e y  1 
I s t a t u s   ] E n g i n e e r i n g 1   ( Q u a l i t y 1   D a t a  I 

D a t a  I 0 I 8 I 1 6  I 7 2  I 8 0  I 
O f f s e t  I I I I I I 

B i t s /  I 8 I 8 I 5 6  I 8 1  8 0  I 
p a c k e t  I I I I I I 

D e s c r i p - 1  A 2 . 1 1 . I   A 2 . 1 1 . 1 . 3  I A 2 . 1 1 . 1 . 4  I A 2 . 1 1 . I   A 2 . 1 1 . 1 . 6  I 

"""""""""""""""""""""""""""--------- 

I I I I I I 

I I I I I I 

I I I I I I 
t i o n  I 1 . 2  I I I 1 . 5  I I 

F i g u r e  A 2 . 1 1 . 1 .  PUS LRS P a c k e t  

e A 2 . 1 1 . 1 . 1  PUS LRS D a c k e t   S y n c h r o n i c i t y .   W i t h i n   t h e  PUS LRS p a c k e t ,   t h e r e  w i t (  
e x i s t  t u 0  m a j o r   s y n c h r o n i s m s   r e l a t i v e   t o  t h e  SCLK. T h e  D i g i t a l  
S t a t u s ,   A n a ' l o g   E n g i n e e r i n g ,   a n d   S p e c t r u m   A n a l y z e r   M e a s u r e m e n t   f i l t e r  
c h a n n e l   s y n c h r o n i s m   r e l a t i o n s h i p   t o  SCLK i s   s h o w n  i n  T a b l e  A 2 . 1 1 . 1 ,  
w h i l e   t h e   H i g h   F r e q u e n c y   f i l t e r   c h a n n e l ,   a n d   S w e e p   F r e q u e n c y   R e c e i v e r  
r e t a t i o n s h i p   t o  SCLK i s   s h o w n   i n   T a b l e  A 2 . 1 1 . 2 .  

T a b l e  A 2 . 1 1 . 1  P U S  S I  v s .  SCLK 

.......................... 

I S I  I R I M  I 
I I ( M o d u l o  4 )  I I 
I 0 I 0 I 0 , 4 , 8 , 1 2 , 1 6 ,  8 8  I 
I I 1 I 1 , 5 , 9 , 1 3 , 1 7 ,   8 9  I 
I I 2 I 2 , 6 , 1 D , 1 4 , 1 8 ,   9 0  I 
I I 3 I 3 . 7 . 1 1 . 1 5 . 1 9 ,  8 7  I 
I 1 I 0 I 1 , 5 , 9 , 1 3 , 1 7 ,   8 9  I 
I I 1 I 2 , 6 , 1 0 , 1 4 , 1 8 ,   9 0  I 
I I 2 I 3 , 7 , 1 1 , 1 5 , 1 9 ,   8 7  I 
I I 3 I 0 . 4 . 8 . 1 2 . 1 6  8 8  I 
I 2 I 0 I 2 , 6 , 1 0 , 1 4 , 1 8 ,   9 0  I 
I I 1 I 3 , 7 , 1 1 , 1 5 , 1 9 ,   8 7  I 
I I 2 I 0 , 4 , 8 , 1 2 , 1 6 ,  8 8  I 
I I 3 I 1 . 5 . 9 . 1 3 . 1 7   8 9  I 
I 3 I 0 I 3 , 7 , 1 1 , 1 5 , 1 9 ,   8 7  1 '  
I I 1 I 0 , 4 , 8 , 1 2 , 1 6 ,  88 I 
I I 2 I 1 , 5 , 9 , 1 3 , 1 7 ,   8 9  I 
I I 3 I 2 . 6 . 1 0 . 1 4 . 1 8  

M O D  91 I 

. . . . . . .  

. . . . . . .  
. . . . . .  
. . . . . .  

. . . . . . .  
. . . . . .  
. . . . . .  

. . . . . . . .  
. . . . . .  
. . . . . .  

. . . . . . .  
. . . . . . . .  

...... 
. . . . . . .  
....... 
. . . . . . .  9 0  I 
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T a b l e  A 2 . 1 1 . 2  H i g h  F r e q u e n c y   f i l t e r   c h a n n e l   a n d  S u e e p  F r e q u e n c y  R e c e i v e r  
S I  v s .  SCLK 

I S I  I R I M  I MOD 91 I 
"""""""""""""""" 

I I ( M o d u 1 o  411  I 
1 0 1  0 I 0 , 2 8 , 5 6 , 8 4  I 
I I 1 I 2 1 , 4 9 , 7 7  I 
I I 2 I 1 4 , 4 2 , 7 0  I 
I I 3 I 7 . 3 5 . 6 3  I 
1 ' 1  0 I 1 , 2 9 , 5 7 , 8 5  I 
I I 1 I 2 2 , 5 0 , 7 8  I 
I 1 2  I 1 5 , 4 3 , 7 1  I 
I I 3 I 8 . 3 6 . 6 4  I 
1 2 1  0 1 2 , 3 0 , 5 8 , 8 6  I 
I I 1 I 2 3 , 5 1 , 7 9  I 
I 1 2  I 1 6 , 4 4 , 7 2  I 
I I 3 I 9 . 3 7 . 6 5  I 
1 3 1  0 I 3 , 3 1 , 5 9 , 8 7  I 
I I 1 I 2 4 , 5 2 , 8 0  I 
I 1 2  I 1 7 , 4 5 , 7 3  I 
I 3 I 1 0 . 3 8 . 6 6  I 
1 4 1  0 I 4 , 3 2 , 6 0 , 8 8  I 
I I 1 I 2 5 , 5 3 , 8 1  I 
I 1 2  I 1 8 , 4 6 , 7 4  I 
I I 3 I 1 1 . 3 9 . 6 7  I 
1 5 1  0 I 5 , 3 3 , 6 1 , 8 9  I 
I I 1 I 2 6 , 5 4 , 8 2  I 
I 1 2  I 1 9 , 4 7 , 7 5  I 
I I 3 I 1 2 . 4 0 . 6 8  I 
1 6 1  0 
I 1 1  1 2 7 , 5 5 , 8 3  I 
I 1 2  I 2 0 , 4 8 , 7 6  I 
I I 3 I 1 3 . 4 1 . 6 9  I 

I 6 , 3 4 , 6 2 , 9 0  I 

I S I  I R I M  I M O D  91 I 
"""""""""""""""" 

I I ( M o d u 1 o  4 1 1  I 
1 7 1  0 I 7 , 3 5 , 6 3  I 
I I 1 I 0 , 2 8 , 5 6 , 8 4  I 
I I 2  I 2 1 , 4 9 , 7 7  . I 
I I 3 I 1 4 . 4 2 . 7 0  I 
1 8 1  0 I 8 , 3 6 , 6 4  I 
I I 1 I 1 , 2 9 , 5 7 , 8 5  I 
I I 2  I 2 2 , 5 0 , 7 8  I 
I I 3 I 1 5 . 4 3 . 7 1  I 
1 9 1  0 I 9 , 3 7 , 6 5  I 
I I 1 I 2 , 3 0 , 5 8 , 8 6  I 
I I 2  I 2 3 , 5 1 , 7 9  I 
I I 3 I 1 6 . 4 4 . 7 2  I 
1 1 0 1  0 I 1 0 , 3 8 , 6 6  I 
I I 1 I 3 , 3 1 , 5 9 , 8 7  I 
I 1 2  I 2 4 , 5 2 , 8 0  I 
I I 3 I 1 7 . 4 5 . 7 3  I 
1 1 1 1  0 I 1 1 , 3 9 , 6 7  I 
I I 1 I 4 , 3 2 , 6 0 , 8 8  I 
I 1 2  I 2 5 , 5 3 , 8 1  I 
I I 3 I 1 8 . 4 6 . 7 4  I 
1 1 2 1  0 I 1 2 , 4 0 , 6 8  I 
I I 1 I 5 , 3 3 , 6 1 , 8 9  I 
I 1 2  I 2 6 , 5 4 , 8 2  I 
I 3 I 1 9 . 4 7 . 7 5  I 
I 1 3 1  0 I 1 3 , 4 1 , 6 9  I 
I I 1 I 6 , 3 4 , 6 2 , 9 0  I 
I 1 2  I 2 7 , 5 5 , 8 3  I 
I I 3 I 2 0 . 4 8 . 7 6  I 
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e T a b l e  A 2 . 1 1 . 2  H i g h  F r e q u e n c y   f i l t e r   c h a n n e l   a n d   S w e e p   F r e q u e n c y   R e c e i v e r  
S I  v s .  SCLK 

I S I  1 R I M  I M O D  91 I 
"""""""""""""""" 

I I ( M o d u l o  4 1 1  I 
1 1 4 1  0 I 1 4 , 4 2 , 7 0  I 
I I 1 I 7 , 3 5 , 6 3  I 
I 1 2  I 0 , 2 8 , 5 6 , 8 4  I 
I I 3 I 2 1 . 4 9 . 7 7  I 
I 1 5  I 0 I 1 5 , 4 3 , 7 1  I 
I I 1 I 8 , 3 6 , 6 4  I 
I I 2  I 1 , 2 9 , 5 7 , 8 5  1 
I 3 I 2 2 . 5 0 . 7 8  I 
1 1 6 1  0 1 1 6 , 4 4 , 7 2  I 
I I 1 I 9 , 3 7 , 6 5  I 
I I 2  I 2 , 3 0 , 5 8 , 8 6  I 
I I 3 I 2 3 . 5 1 . 7 9  I 
I 1 7  I 0 I 1 7 , 4 5 , 7 3  I 
I I 1 I 1 0 , 3 8 , 6 6  I 
I I ?  I 3 , 3 1 , 5 9 , 8 7  I 
I I 3 I 2 4 . 5 2 . 8 0  I 
1 1 8 1  0 I 1 8 , 4 6 , 7 3  I 
I I 1 I 1 1 , 3 9 , 6 7  I 
I I 2  I 4 , 3 2 , 6 0 , 8 8  I 
I I 3 I 2 5 . 5 3 . 8 1  I 
I 1 9 1  0 I 1 9 , 4 7 , 7 5  I 
I I 1 I 1 2 , 4 0 , 6 8  I 
I I 2  I 5 , 3 3 , 6 1 , 8 9  I 
I 3 I 2 6 . 5 4 . 8 2  I 
1 2 0 1  0 I 2 0 , 4 8 , 7 6  I 
I I 1 I 1 3 , 4 1 , 6 9  I 
I 1 2  I 6 , 3 4 , 6 2 , 9 0  I 
I I 3 I 2 7 . 5 5 . 8 3  I 

I S I  I R I M  I M O D  9 1 .  I 
_""""""""""""""-" 

I I ( M o d u l o  4 1 1  I 
1 2 1 1  0 I 2 1 , 4 9 , 7 7  I 
I I 1 I 1 4 , 4 2 , 7 0  I 
I 1 2  I 7 , 3 5 , 6 3  , I 
I 3 I 0 . 2 8 . 5 6 . 8 4  I 
1 2 2 1  0 I 2 2 , 5 0 , 7 8  I 
I I 1 I 1 5 , 4 3 , 7 1  I 
I I 2  I 8 , 3 6 , 6 4  I 
I I 3 I 1 . 2 9 . 5 7 . 8 5  I 
I 2 3 1  0 I 2 3 , 5 1 , 7 9  I 
I I 1 I 1 6 , 4 4 , 7 2  I 
I I 2  I 9 , 3 7 , 6 5  I 
I I 3 I 2 . 3 0 . 5 8 . 8 6  1 
1 2 4 1  0 I 2 4 . 5 2 . 8 0  I 
I I 1 I 1 7 , 4 5 , 7 3  I 
I 1 2  I 1 0 , 3 8 , 6 6  I 
I I 3 I 3 . 3 1 . 5 9 . 8 7  I 
I 2 5 1  0 I 2 5 , 5 3 , 8 1  I 
I I '  I 1 8 , 4 6 , 7 4  I 
I 1 2  I 1 1 , 3 9 , 6 7  I 
I 3 I 4 . 3 2 . 6 0 . 8 8  I 
1 2 6 1  0 I 2 6 , 5 4 , 8 2  I 
I I '  I 1 9 , 4 7 , 7 5  I 
I I 2  I 1 2 , 4 0 , 6 8  I 
I 3 I 5 . 3 3 . 6 1 . 8 9  I 
1 2 7 1  0 I 2 7 , 5 5 , 8 3  I 
I I 1  I 2 0 , 4 8 , 7 6  I 
I 1 2  I 1 3 , 4 1 , 6 9  I 
I 3 1 6 . 3 4 . 6 2 . 9 0  I 
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A 2 . 1 1 . 1 . 2   S u b c o m m u t a t e d   O i a i t a l   S t a t u s .   T h e  P U S  S u b c o m m u t a t e d   D i g i t a l   S t a t u s  
s e c t i o n   c o n t a i n s   o n e   b y t e   ( 8 - b i t s )   o f   s t a t u s   d a t a .  T h i s  i s  s h o w n  i n  
T a b l e   A 2 . 1 1 . 3 .  

T a b l e   A 2 . 1 1 . 3   S u b c o r n m u t a t e d   D i g i t a l   S t a t u s  (MSB i s  b i t  1 )  

B i t ( s 1  H e a s u r e m e n t   C o n t e n t s  

""""""""_ ......................... 

I 1 l e n t e n n a   s w i t c h  1 O = E  I 

1 0 - 2 7   c o u n t e r ,   2 8 - 3 1 = N / A  I 
I I ( p o s i t i o n  I l = B  I 
I """""_ 1 2 - 6 l f i l t e r   c h a n n e l  

I I I l s v n c h r o n i z a t i o n   i n d e x l  I 
I I ""_ I 7 l w a v e f o r m   c o m m a n d   l O = e n a b l e  I 
I I I I l i n h i b i t / e n a b l e   l l r i n h i b i t  I 
I I 1 " -  I 8 I s p e c t r u m   a n a l y z e r  l O = E  I 
I "-I"- I I I l a n t e n n a   s w i t c h  I l = B  I u 

1 1 1 2 1 3 1 4 i 5 1 6 i 7 1 8 1  S I = O  

"""""""""~"""""""""""""""- -"""""""" I 1 l a n t e n n a   s w i t c h  1 O = E  I 

1 2 - 6 l f i l t e r   c h a n n e l  ( 0 - 2 7  c o u n t e r ,   2 8 - 3 1 = N / A  I 
I I l p o s i t i o n  I l = B  I 
I 
I I I l s v n c h r o n i z a t i o n   i n d e x l  I 
I I ""_ I 7 l a n t e n n a   s w i t c h  I O = c y c  t e I 
I i I I l i n h i b i t / c v c l e   I l = i n h i b i t  I 
I I I "- I 8 I c e l i b r a t i o n   l o o i n h i b i t  I 
I "-I"- I I I l e n a b l e / i n h i b i t   I l = e n a b l e  I - """""_ 

1 1 ! 2 1 3 1 4 1 5 1 6 1 7 i 8 1   S I = l  
......................... """"""""- I 1 ( a n t e n n a   s w i t c h  I O = E  I 

1 0 - 2 7   c o u n t e r ,   2 8 - 3 1 = N / A  I 
I I l p o s i t i o n  11.8 I 
I """""_ 1 2 - 6 1 f i l t e r   c h a n n e l  

I I I l s y n c h r o n i z a t i o n   i n d e x l  I 
I I ""_  I 7 l w a v e f o r m   s e l e c t  1 O = E  I 
I I I I I s w i t c h  I l = B  I 
I I I "- I 8 ) w a v e f o r m   p o w e r  1 O=on I 
I "-I"- I I I I I l = o f  f I - 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 )  S I = 2  

""""""""""""-~"""""""""""" ""-"""""" 1 1 l a n t e n n a   s w i t c h  I O P E  I 
I I l o o s i t i o n  i 1 = B  I 
I """""_ ( 2 - 6 1 f i l t e r   c h a n n e l   1 0 - 2 7   c o u n t e r ,   2 8 - 3 1 = N / A  I 
I I I l s v n c h r o n i z a t i o n   i n d e x l  I 
I I ""- 1 7 - 8 l w a v e f o r m   r e c e i v e r   1 0 0 = w a v e f o r m   s u r v e y  I 
1 I I I ( m o d e   ( 0 1 = 1 0 0 . 8   k b p s  I 
I I I - - -  I I l 1 0 r 8 0 6 . 4   k b p s  I 
I "-I"- I I I I 1 1 1 1 1 2 . 6  kbDs I - 

1 1 1 2 1 3 1 4 1 5 i 6 1 7 1 8 1   S I = 3  
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0 A 2 . 1 1 . 1 . 3   A n a l o g   E n s i n e e r i n q .  The P U S  a n a l o g   e n g i n e e r i n g   s e c t i o n   c o n t a i n s  o n e  
b y t e  ( 8  b i t s )   o f   s u b c o r n m u t a t e d   d a t a .  T h e  c o n t e n t s   a r e   s h o w n  i n  T a b l e  
A 2 . 1 1 . 4 .  

T a b l e   A 2 . 1 1 . 4   A n a l o g   E n g i n e e r i n g  (MSB i s  b i t  1 )  

B i t ( s )  M e a s u r e m e n t   C o n t e n t s  

""""" 

......................... 

I l - 8 l a u t o m a t i c   g a i n  10 t o  5 v o l t s  I 
"""I """ I l c o n t r o l  I I u 

""""" 

......................... 

1 1 - 8 l p o u e r   s u p p l y   m o n i t o r  10 t o  5 v o l t s  I 
"""I """ I I I I u 

""""" 1 1 - 8 1 8   b i t   a n a l o g / d i g i t a l  10 t o  5 v o l t s  
......................... 

I 
"""I """ I l c o n v e r t e r   r e f e r e n c e  1 1  I u 

1 1 ~ 2 1 3 ~ 4 ~ 5 ~ 6 ~ 7 ~ 8 1   S I = 2  

"~"""""""""""""""""""""""- 
""""" 1 1 - 8 1 4   b i t   a n a l o g / d i g i t a l  ( 0  t o  5 v o l t s  I 

"""I """ I l c o n v e r t e r   r e f e r e n c e  21  I u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1   S 1 = 3  

A 2 . 1 1 . 1 . 4   F i l t e r   C h a n n e l s .  The F i l t e r   C h a n n e l   s e c t i o n   c o n t a i n s  7 b y t e s  o f  
s u b c o r n m u t a t e d   d a t a .  T h e  c o n t e n t s   a r e   s h o w n   i n   T a b l e  A 2 . 1 1 . 5 .  1 b y t e  
( b y t e  4 )  o f   t h i s   i s   s u b c o m m u t a t e d   S p e c t r u m   A n a l y z e r   d a t a .  T h i s  d a t a  
i s  s h o u n   i n   T a b l e  A Z . 1 1 . 6 .  A n o t h e r  2 b y t e s  ( 3  a n d   7 )   a r e  H i g h  
F r e q u e n c y   r e c e i v e r   d a t a .  I t  i s  s h o w n   i n   T a b l e   A 2 . 1 1 . 7 .  T h e  o t h e r  4 
b y t e s   ( 1 , 2 , 5 ,   a n d   6 )   a r e   S u e e p   F r e q u e n c y   R e c e i v e r   d a t a .   T h e y   a r e  
s h o u n   i n   T a b l e   A 2 . 1 1 . 8 .  

T a b l e   A 2 . 1 1 . 5   F i l t e r   C h a n n e l s  (MSB i s  b i t  1 )  

B i t ( s )  M e a s u r e m e n t   C o n t e n t s  
......................... 

""""" ) 1 - 8 l s u e e p   f r e q u e n c y  l S e c   T a b l e   A 2 . 1 1 . 8  I 
I I J r e c e i v e r  I I 

"""I """ I l s u b c o m m u t a t e d   d a t a  I 

( 1 1 2 ! 3 ) 4 1 5 ! 6 ! 7 ! 8 1   B y t e  1 

""""" I l - 8 ) s u e e p   f r e q u e n c y   l S e e   T a b l e   A Z . 1 1 . 8  I 
I I l r e c e i v e r  I I 

I 

......................... 

"""I """ I l s u b c o m m u t a t e d   d a t a  
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T a b l e   A 2 . 1 1 . 5   F i l t e r   C h a n n e l s  ( M S B  i s   b i t  1 )  

B i t ( ' S I  M e a s u r e m e n t   C o n t e n t s  

""""" 1 1 - 8 1 h i g h   f r e q u e n c y   s u b -  I See T a b l e   A 2 . 1 1 . 7  I 
"""I """ I i c o m m u t a t e d   d a t a  I I 

......................... 

u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1   B y t e  3 

......................... 

""""" I l - 8 l s p e c t r u m   a n a l y z e r  I S e e   T a b l e   A 2 . 1 1 . 6  I 
"""I """ I l s u b c o m m u t a t e d   d a t a  I I u 

1 1 ! 2 1 3 ! 4 ! 5 1 6 1 7 l 8 1   B y t e  4 

""""" 1 1 - b l s u e e p   f r e q u e n c y  ! S e e  T a b l e   A 2 . 1 1 . 8  I 
I I l r e c e i v e r  1 I 

"""I """ I l s u b c o m m u t a t e d   d a t a  I I 

......................... 

u 
] l I 2 1 3 1 4 1 5 \ 6 \ 7 1 8 ]   B y t e  5 

""""" 

......................... 

I l - 8 l s u e e p   f r e q u e n c y  lSee  T a b l e   A 2 . 1 1 . 8  I 
I I l r e c e i v e r  I I 

"""I """ I l s u b c o m m u t a t e d   d a t a  I I - 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1   B y t e  6 

""""" 1 1 - 8 ) h i g h   f r e q u e n c y   s u b -  I S e e   T a b l e   A 2 . 1 1 . 7  I 
"""I""" I l c o m m u t a t e d   d a t a  I I 

"-"""""""""""""""""""""""- 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1   B y t e  7 

T a b l e   A 2 . 1 1 . 6   S p e c t r u m   A n a l y z e r   D a t a  

I S p e c t r u m   A n a l y z e r 1   F i l t e r  Number I C e n t e r  I 
""""""""""""""""""""""""- 

I S I  I l f r e a u e n c v  ( H z )  I 
I 0 I 4 I 3 1 . 1  I 
I 1 I 3 I 1 7 . 8  I 
I 2 I 2 I 1 0 . 0  I 
I 3 I 1 I 5 . 6 2  I 
I """"""""_ I """""""_ I" """"""_ I 
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T a b l e  A 2 . 1 1 . 7 .  Hi 'gh F r e q u e n c y   R e c e i v e r   D a t a  

I H i g h  F r e q u e n c y  I R e c e i v e r   C e n t e r  F r e a u e n c ~  ( U H z )  I 
I R e c e i v e r  S I  I Byte 3 I B y t e  7 I 

""--"""""""""~""""""~""~""~"- 

I 0 I 0 . 4 0 3 2  I 0 . 1 0 0 8  I 
I 1 I 0 . 8 0 6 0  I 0 . 1 0 0 8  I 
I 2 I 1 . 6 1 3  I 0 . 2 0 1 6  I 
I 3 I 3 . 2 2 6  I 0 . 2 0 1 6  I 
I 4 I 0 . 4 5 3 6  I 0 . 1 1 3 4  I 
I 5 I 0 . 9 0 7 0  I 0 . 1 1 3 4  I 
I 6 I 1 . 8 1 4  I 0 . 2 2 6 8  I 
I 7 I 3 . 6 2 9  I 0 . 2 2 6 8  I 
I 8 I 0 . 5 0 4 0  I 0 . 1 2 6 0  I 
I 9 I 1 . 0 0 8  I 0 . 1 2 6 0  I 
I 10 I 2 . 0 1 6  I 0 . 2 5 2 0  I 
I 1 1  I 4 . 0 3 2  I 0 . 2 5 2 0  I 
I 12 I 0 . 5 5 4 4  I 0 . 1 3 8 6  I 
I 1 3  I 1 . l o 9  I 0 . 1 3 8 6  I 
I 14 I 2 . 2 1 8  I 0 . 2 7 7 2  I 
I 15 I 4 . 4 3 5  I 0 . 2 7 7 2  I 
I 1 6  I 0 . 6 0 4 8  I 0 . 1 5 1 2  I 
I 1 7  I 1 . 2 1 0  I 0 . 1 5 1 2  I 
I 18 I 2 . 4 1 9  I 0 . 3 0 2 4  I 
I 19 I 4 . 8 3 8  I 0 . 3 0 2 4  I 
I 2 0  I 0 . 6 5 5 2  I 0 . 1 6 3 8  I 
I 2 1  I 1 . 3 1 0  I 0 . 1 6 3 8  I 
I 2 2  I 2 . 6 2 1  I 0 . 3 2 7 6  I 
I 2 3  I 5 . 2 4 2  I 0 . 3 2 7 6  I 
I 24 I 0 . 7 0 5 6  I 0 . 1 7 6 4  I 
I 2 5  I 1 . 4 1 1  I 0 . 1 7 6 4  I 
I 2 6  I 2 . 8 2 2  I 0 . 3 5 2 8  I 
I 2 7  I 5 . 6 4 5  I 0 . 3 5 2 8  I 
I """"""""_ I """""-""" I-""""""" I 
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T a b l e  A 2 . 1 1 . 8  S w e e p   F r e q u e n c y   R e c e i v e r  S . I .  v s   F i l t e r  

_ _ _ _  I S . F . R . *  B y t e  6 
..................... 

I 1  S . F . R .  B y t e  5 I 

I"" I I I ( H z )  I I  I < H z )  I 
I 0 1 1  1 I 4 2 . 1  1 1  2 9  I 3 3 7  I 
1 1 1 1  2 I 4 5 . 6  1 1  3 0  I 3 6 4  I 
1 2 1 1  3 I 4 9 . 0  I I 31 I 3 9 2  I 
I 3 1 1  4 I 5 2 . 5  1 1  3 2  I 4 2 0  I 
I 4 1 1  5 I 5 6 . 0  1 1  3 3  I 4 4 8  I 
I 5 1 1  6 I 5 9 . 6  I I 3 4  I 4 7 6  I 
I 6 1 1  7 I 6 6 . 7  1 1  3 5  I 5 3 4  I 
I 7 1 1  8 I 7 0 . 4  1 1  3 6  I 5 6 3  I 
1 8 1 1  9 I 7 7 . 7  1 1  3 7  I 6 2 2  I 
I 9 I 1  10 I 8 1 . 5  I I 3 8  I 6 5 2  I 
I 10 I 1  1 1  I 8 9 . 0  1 1  3 9  I 71 2 I 
1 1 '  I I  1 2  I 9 6 . 7  1 1  4 0  I 7 7 4  I 
I 1 2  I 1  1 3  I 1 0 4 . 5  1 1  41  I 8 3 6  I 
I 1 3  I I  1 4  I 1 1 2 . 5  I I 4 2  I 9 0 0  I 
I 14 I I  1 5  I 1 2 0 . 6  1 1  4 3  I 9 6 5  I 
I 15 I 1  1 6  I 1 2 8 . 9  1 1  4 4  I 1 0 3 1  I 
I 1 6  1 1 ,  1 7  I 1 3 7 . 3  I I 4 5  I 1 0 9 8  I 
I 1 7  I I  1 8  I 1 5 0 . 2  1 1  4 6  I 1 2 0 1  I 
1 1 8  1 1  1 9  I 1 5 8 . 9  1 1  4 7  I 1 2 7 2  I 

I 2 0  I 1  21 I 1 8 6 . 4  1 1  4 9  I 1 4 9 1  I 

I S . I . I I F i l t .   # I C e n t e r   F r e q . l l F i l t .   # l C e n t e r   F r e q . 1  

I 1 9  I I 2 0  I 1 7 2 . 5  1 1  4 8  I 1 3 8 0  I 

I 21 I I 2 2  I 2 0 0 . 7  1 1  5 0  I 1 6 0 6  I 
I 2 2  I I 2 3  I 2 1 5 . 5  1 1  5 1  I 1 7 2 4  I 
I 2 3  1 1  2 4  I 2 3 5 . 9  1 1  5 2  I 1 8 8 7  I 
I 2 4  I I 25 I 2 5 1 . 7  1 1  5 3  I 2 0 1 3  I 
1 2 5  1 I 2 6  I 2 6 8 . 0  1 1  5 4  I 2 1 4 4  I 
I 2 6  I I 2 7  I 2 9 0 . 6  1 1  5 5  I 2 3 2 5  I 
I 2 7  I I 2 8 .  I 3 1 4 . 1  1 1  5 6  I 2 5 1 3  I 
I "" I 1-1 I I 1  
* S w e e p   F r e q u e n c y   R e c e e i v e r  
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T a b l e  A 2 . 1 1 . 8  S u e e p   F r e q u e n c y   R e c e i v e r  S . 1 .  v s   F i l t e r  

_ _ _ _  I S . F . R .  B y t e  2 
..................... 

I I  S . F . R .  B y t e  1 I 

I "" I I I ( K H z )  I I  1 ( K H z )  I 
~ S . I . ~ ~ F i l t .  # / C e n t e r  F r e q . l I F i l t .  # l C e n t e r   F r e q . 1  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2 . 7 0  
2 . 9 1  
3 . 1 4  
3 . 3 6  
3 . 5 8  
3 . 8 1  
4 . 2 7  
4 . 5 0  
4 . 9 8  
5 . 2 1  
5 . 7 0  
6 . 1 9  
6 . 6 9  
7 . 2 0  
7 . 7 2  
8 . 2 5  
8 . 7 8  
9 . 6 1  

1 0 . 1 7  
1 1 . 0 4  
1 1 . 9 3  
1 2 . 8 5  
1 3 . 7 9  
1 5 . 0 9  
1 6 . 1 1  
1 7 . 1 5  
1 8 . 5 9  
2 0 . 1 0  

I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  

9 6  I 
9 7  I 
9 8  I 
9 9  I 

1 0 0  I 
101 I 
1 0 2  I 

1 0 4  I 
1 0 3  I 

105 I 
1 0 6  I 
1 0 7  I 
1 0 8  I 

1 1 0  I 
1 1 1  I 
1 1 2  I 

1 0 9  I 

2 1 . 6  
2 3 . 3  
2 5 . 1  
2 6 . 9  
2 8 . 7  
3 0 . 5  
3 4 . 2  
3 6 . 0  
3 9 . 8  
4 1 . 7  
4 5 . 6  
4 9 . 5  
5 3 . 5  
5 7 . 6  
6 1 . 7  
6 6 . 0  
7 0 . 3  
7 6 . 9  
8 1 . 4  
8 8 . 3  
9 5 . 4  

1 0 2 . 8  
1 1 0 . 3  
1 2 0 . 7  
1 2 8 . 9  
1 3 7 . 2  
1 4 8 . 8  
1 6 0 . 8  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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A 2 . 1 1 . 1 . 5  D a t a   Q u a l i t y .  T h i s  w o r d   c o r r e s p o n d s   t o  t h e  p a r i t y   o f   t h e  D i g i t a l  
S t a t u s ,   t h e   A n a l o g   E n g i n e e r i n g ,   a n d   t h e   F i l t e r   C h a n n e l   s e c t i o n s .  
Each b i t   r e p r e s e n t s  t h e  p a r i t y   o f   o n e   o f  t h e  8 p r e c e d i n g   w o r d s ,  w i t h  
t h e  MSB c o r r e s p o n d i n g   t o  t h e  p a r i t y   o f   t h e   f i r s t   w o r d ,   a n d  s o  o n .  

A 2 . 1 1 . 1 . 6  W a v e f o r m   S u r v e y   D a t a .   T h e   U a v e f o r m   S u r v e y   D a t a   s e c t i o n   c o n t a i n s  1 0  
b y t e s   o f   s a m p l e d   w a v e f o r m   r e c e i v e r   d a t a .   I f  t h e  w a v e f o r m   r e c e i v e r  i s  
i n  t h e  s u r v e y  mode ( b i t s  7 - 8  f o r  S l r 2  i n   T a b l e  A 2 . 1 1 . 3  e q u a l   t o  O , o ) ,  
t h e  c o n t e n t s   a l t e r n a t e   b e t w e e n   o n e   s a m p l e   o f   d a t a   c o l l e c t e d   . a t  1 0 0 . 8  
K b / s   a n d   o n e   s a m p l e   o f   d a t a   c o l l e c t e d   a t  1 2 . 6  K b / s ,   e a c h   o f  w h i c h  i s  
c l o c k e d   o u t   o v e r  1 4  LRS f r a m e s .   I f   b i t s  2 - 6  i n   T a b l e  A 2 . 1 1 . 3  a r e  O , o  
t o  1 3 1 0 ,  t h e   d a t a  i s  1 2 . 6  K b / s   d a t a .   I f   b i t s  2 - 6  i n   T a b l e  A 2 . 1 1 . 3  
a r e  1 4 1 0  t o  2 7 1 0 ,  t h e  d a t a  i s  1 0 0 . 8  K b / s   d a t a .  

I f  the  w a v e f o r m   r e c e i v e r   i s   i n   t h e  1 2 . 6  K b / s   m o d e ,   t h e  1 0 0 . 8  K b / s ,  o r  
t h e  8 0 6 . 4  Kb/s   mode ( b i t s  7 - 8  f o r  S I = 2  i n   T a b l e  A 2 . 1 1 . 3  e q u a l   t o  3 , 0  
f o r  1 2 . 6  K b / s ,  l , o  f o r  1 0 0 . 8  K b / s ,   o r  2 1 0  f o r  8 0 6 . 4  K b / s ) ,  t h e  
c o n t e n t s  o f  t h e   w a v e f o r m   s e c t i o n   a r e   o n e   s a m p l e  o f  d a t a   c o l l e c t e d   a t  
t h e   s a m e   r a t e   a s   t h a t   o f  t h e  w a v e f o r m   r e c e i v e r   m o d e   c l o c k e d   o u t  o v e r  
14 LRS f r a m e s .  

E a c h   b y t e   o f   w a v e f o r m   s u r v e y   d a t a   c o n s i s t s   o f   t w o   4 - b i t   w a v e f o r m  
s a m p l e s .  

A 2 . 1 1 . 2  P U S  M P U  P a c k e t  

T h e   s c h e m a t i c   o f  a P U S  Medium  Rate  P U S  ( M P U )  p a c k e t  i s  shown i n  
F i g u r e  A 2 . 1 1 . 2 .  1 p a c k e t   i s   p l a c e d   i n  e a c h  M P U  f r a m e .  

0 
T i t l e  

D a t a   O f f s e t  

E i t s / p e c k e t  

D e s c r i p t i o n  

I U i d e b a n d   U a v e f o r m   R e c e i v e r   D a t a  
"""""""""""""""""""- 

I 
I I 
I 0 I 
I I 
I 5 1 2  I 
I 1 
I A 2 . 1 1 . 2 . 2  I 

F i g u r e  A 2 . 1 1 . 2 .  P U S  M P U  P a c k e t  

A 2 . 1 1 . 2 . 1  P U S  MPU P a c k e t   S y n c h r o n i c i t y .   U i t h i n  t h e  P U S  M P U  p a c k e t ,  t h e r e  w i l l  
e x i s t   n o   s y n c h r o n , i s m .  

A 2 . 1 1 . 2 . 2  U i d e b a n d   U a v e f o r m   R e c e i v e r   D a t a .   T h i s   s e c t i o n   c o n t a i n s   d a t a   f r o m   t h e  
U i d e b a n d   U a v e f o r m   R e c e i v e r   c o n s i s t i n g   o f  128 w o r d s   o f  4 b i t s   e a c h ,  
a n d  i s  o f   t h r e e   p o s s i b l e   t y p e s .  I t  c a n   b e   d a t a   i n   t h e  5 Hz t o  1 K H Z  
r a n g e   ( o u t p u t t i n g   d a t a   a t  1 2 . 6  k b p s ) ,   t h e  5 0  Hz t o  1 0  KHz r a n g e  
( o u t p u t t i n g   d a t a   a t  1 0 0 . 8  k b p s ) ,  o r  t h e  5 0  Hz t o  8 0  KHz r a n g e  
( o u t p u t t i n g   d a t a   a t  8 0 6 . 4  k b p s ) .  The  d a t a   c o n t t n t s   a r e   d e t e r m i n e d  
f r o m   t h e   s t a t u s   b i t s   i n   t h e  LRS p a c k e t ,   d e s c r i b e d   i n  A 2 . 1 1 . 1 . 2 .  A l l  
d a t a   i s   b u f f e r e d   b y  the  C D S ,  p l a c e d   i n t o   t h e   d a t a   s t r e a m ,   u i t h   e x c e s s  
b i t s   b e i n g   d i s c a r d e d .  
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e A 2 . 1 1 . 3  PUS X P U  P a c k e t  

T h e   s c h e m a t i c   o f  a P U S  I n t e r m e d i a t e   R a t e  P U S  ( X P U )  p a c k e t  i s  shown i n  
F i g u r e  A 2 . 1 1 . 3 .  1 p a c k e t  i s  p l a c e d   i n   e a c h  X P U  f r a m e .  

""""-""""""""""""""" 
T i t l e  I U i d e b a n d   W a v e f o r m   R e c e i v e r   D a t a  I 

D a t a  I 0 I 
O f f  s e t  I I 

B i t s /  I 31   04  I 
p a c k e t  I I 
D e s c r i p t i o n  I A 2 . 1 1 . 3 . 2  I 

I I 

I I 

F i g u r e  A 2 . 1 1 . 3 .  P U S  X P U  P a c k e t  

A 2 . 1 1 . 3 . 1  P U S  XPW P a c k e t   S y n c h r o n i c i t y .   U i t h i n   t h e  P U S  X P U  p a c k e t ,   t h e r e  w i L 1  
e x i s t   n o   s y n c h r o n i s m .  

A 2 . 1 1 . 3 . 2  U i d e b a n d   W a v e f o r m   R e c e i v e r   D a t a .  T h i s  s e c t i o n   c o n t a i n s   d a t a   f r o m   t h e  
U i d e b a n d   W a v e f o r m   R e c e i v e r   c o n s i s t i n g   o f  7 7 6  u o r d s  o f  4 b i t s   e a c h ,  
a n d  i s  o f  t u o   p o s s i b l e   t y p e s .  I t  c a n   b e   d a t a   i n  t h e  5 0  Hz t o  1 0  K H z  
r a n g e   ( o u t p u t t i n g   d a t a   a t  1 0 0 . 8  k b p s ) ,   o r  t h e  5 0  H Z  t o  8 0  K H z  r a n g e  
( o u t p u t t i n g   d a t a   a t  8 0 6 . 4  k b p s ) .  T h e  d a t a   c o n t e n t s   a r e   d e t e r m i n e d  
f r o m  t h e  s t a t u s   b i t s   i n  t h e  LRS p a c k e t ,   d e s c r i b e d   i n  A 2 . 1 1 . 1 . 2 .  A l l  
d a t a   i s   b u f f e r e d   b y  t h e  C D S ,  p l a c e d   i n t o  t h e  d a t a   s t r e a m ,  w i t h  e x c e s s  
b i t s   b e i n g   d i s c a r d e d .  

A 2 . 1 1 . 4  P U S  H P U  P a c k e t  

The s c h e m a t i c   o f  a P U S  H i g h   R a t e  P U S  ( H P U )  p a c k e t   i s   s h o w n   i n   F i g u r e  
A 2 . 1 1 . 4 .  1 p a c k e t  i s  p l a c e d   i n   e a c h  H P U  f r a m e .  

"""""""""""""""""""- 
T i t l e  I U i d e b a n d   W a v e f o r m   R e c e i v e r   D a t a  I 

D a t a  I 0 I 
O f f s e t  I I 
B i t s /  I 6 3 0 4  I 
p a c k e t  I I 
D e s c r i p t i o n  I A 2 . 1 1 . 4 . 2  I 

I I 

I I 

F i g u r e  A 2 . 1 1 . 4 .  PUS H P U  P a c k e t  

A 2 . 1 1 . 4 . 1  P U S  H P U  P a c k e t   S y n c h r o n i c i t v .   U i t h i n  t h e  PUS H P U  p a c k e t ,   t h e r e  w i l l  
e x i s t   n o   s y n c h r o n i s m .  
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A 2 . 1 1 . 4 . 2  U i d e b a n d   U a v e f o r m   R e c e i v e r   D a t a .  T h i s  s e c t i o n   c o n t a i n s   d a t a   f r o m   t h e  
U i d e b a n d   U a v e f o r m   R e c e i v e r   c o n s i s t i n g   o f  1 5 7 6  u o r d s   o f  4 b i t s   e a c h ,  
a n d  i s   o f   t w o   p o s s i b l e   t y p e s .  I t  c a n   b e   d a t a   i n  t h e  5 0  Hz t o  10 K H z  
r a n g e   ( o u t p u t t i n g   d a t a   a t  1 0 0 . 8  k b p s ) ,   o r   t h e  5 0  Hz t o  8 0  K H z  r a n g e  
( o u t p u t t i n g   d a t a   a t  8 0 6 . 4  k b p s ) .  T h e  d a t a   c o n t e n t s   a r e   d e t e r m i n e d  
f r o m  t h e  s t a t u s   b i t s   i n   t h e  LRS p a c k e t ,   d e s c r i b e d   i n  A 2 . 1 1 . 1 . 2 .  A l l  
d a t a  i s  b u f f e r e d   b y   t h e  CDS, p l a c e d   i n t o  t h e  d a t a   s t r e a m ,  w i t h  e x c e s s  
b i t s   b e i n g   d i s c a r d e d .  

A 2 . 1 1 . 5  PUS PU4 P a c k e t  

The s c h e m a t i c   o f  a P U S  4 0 3 . 2  k b / s  P U S  ( P U 4 )   p a c k e t  i s  s h o u n   i n   F i g u r e  
A 2 . 1 1 . 5 .  1 p a c k e t   i s   p l a c e d   i n   e a c h  PU4 f r a m e .  

T i t l e  1 U i d e b a n d   U a v e f o r m   R e c e i v e r   D a t a  I 

D a t a  I 0 I 
O f f  s e t  I I 

B i t s /  I 3 1 0 4  I 
p a c k e t  I I 

D e s c r i p t i o n  I A 2 . 1 1 . 5 . 2  I 

"""""-"""""""""""""" 
I I 

I I 

I I 

F i g u r e  A 2 . 1 1 . 5 .  PUS PU4 P a c k e t  

A 2 . 1 1 . 5 . 1  P U S  PW4 P a c k e t   S y n c h r o n i c i t y .   U i t h i n  the  P U S  PU4 p a c k e t ,   t h e r e  w i l l  
e x i s t   n o   s y n c h r o n i s m .  

A 2 . 1 1 . 5 . 2  U i d e b a n d   U a v e f o r m   R e c e i v e r   D a t a .   T h i s   s e c t i o n   c o n t a i n s   d a t a   f r o m   t h e  
U i d e b a n d   U a v e f o r m   R e c e i v e r   c o n s i s t i n g . o f  7 7 6  u o r d s   o f  4 b i t s   e a c h .  
I t  i s   d a t a   i n  t h e  5 0  Hz t o  8 0  KHz r a n g e   ( o u t p u t t i n g   d a t a   a t  8 0 6 . 4  
k b p s ) .  The d a t a   c o n t e n t s   a r e   d e t e r m i n e d   f r o m  the  s t a t u s   b i t s   i n   t h e  
LRS p a c k e t ,   d e s c r i b e d   i n  A 2 . 1 1 . 1 . 2 .  A l l   d a t a  i s  b u f f e r e d   b y  t h e  C D S ,  
p l a c e d   i n t o   t h e   d a t a   s t r e a m ,  w i t h  e x c e s s   b i t s   b e i n g   d i s c a r d e d .  

A 2 . 1 1 . 6  P U S  PU8 P a c k e t  

T h e   s c h e m a t i c   o f  a P U S  8 0 6 . 4  k b / s  P U S  ( P U 8 )  p a c k e t  i s  s h o u n   i n   F i g u r e  
A 2 . 1 1 . 6 .  1 p a c k e t   i s   p l a c e d   i n   e a c h  P U 8  f r a m e .  

T i t l e  I U i d e b a n d   U a v e f o r m   R e c e i v e r   D a t a  I 

D a t a  I 0 I 
O f f  s e t  I I 

B i t s /  I 6 4 0 0  I 

"""""""""""""""""""- 
I I 

I I 

p a c k e t  

D e s c r i p t i o n  

I 
I 

A 2 . 1 1 . 6 . 2  I 

F i g u r e  A 2 . 1 1 . 6 .  PUS P U B  P a c k e t  
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* A 2 . 1 1 . 6 . 1  P U S  PW8 P a c k e t   S y n c h r o n i c i t y .   W i t h i n  t h e  P U S  PUS p a c k e t ,   t h e r e  w i L L  
e x i ' s t   n o   s y n c h r o n i s m .  

A 2 . 1 1 . 6 . 2  W i d e b a n d   W a v e f o r m   R e c e i v e r   D a t a .  

T h i s   s e c t i o n   c o n t a i n s   d a t a   f r o m  t h e  W i d e b a n d   W a v e f o r m   R e c e i v e r  
c o n s i s t i n g   o f  1 6 0 0  u o r d s   o f  4 b i t s   e a c h .   I t  i s  d a t a   i n   t h e  5 0  H z  t o  
8 0  KHz r a n g e   ( o u t p u t t i n g   d a t a   a t  8 0 6 . 4  k b p s ) .  T h e  d a t a   c o n t e n t s   a r e  
d e t e r m i n e d   f r o m   t h e   s t a t u s   b i t s   i n  t h e  LRS p a c k e t ,   d e s , c r i b e d  i n  
A 2 . 1 1 . 1 . 2 .  A L L  d a t a  i s  b u f f e r e d   b y  t h e  C D S ,  p l a c e d   i n t o   t h e   d a t a  
s t r e a m ,  w i t h  e x c e s s   b i t s   b e i n g   d i s c a r d e d .  

A 2 . 1 1 . 7  P U S  M P P  P a c k e t  

The s c h e m a t i c  o f  a P U S  Medium r a t e  P U S  ( M P P )  p a c k e t  i s  shown i n  
F i g u r e  A 2 . 1 1 . 7 .  A s i n g l e   p a c k e t  i s   p l a c e d   i n   e a c h  M P P  f r a m e .  

"""""""""""""""""""- 
T i t l e  I W i d e b a n d   W a v e f o r m   R e c e i v e r   D a t a  I 

D a t a  I 0 I 
O f f s e t  I I 

B i t s /  I 1 2 8 0  I 
p a c k e t  I I 

D e s c r i p t i o n  I A 2 . 1 1 . 7 . 2  I 

I I 

I I 

I I 

F i g u r e  A 2 . 1 1 . 7 .  PUS WPP P a c k e t  

A 2 . 1 1 . 7 . 1  P U S  M P P  P a c k e t   S y n c h r o n i c i t y .   W i t h i n   t h e  P W S / M P P  p a c k e t ,   t h e r e  w i l l  
e x i s t  n o   s y n c h r o n i s m .  

A 2 . 1 1 . 7 . 2  W i d e b a n d   W a v e f o r m   R e c e i v e r  Date. T h i s   s e c t i o n   c o n t a i n s   d a t a  f r o m  t h e  
W i d e b a n d   W a v e f o r m   R e c e i v e r   c o n s i s t i n g   o f  3 2 0  u o r d s   o f  4 b i t s   e a c h ,  
a n d  i s  o f   t h r e e   p o s s i b l e   t y p e s .   I t   c a n   b e   d a t a   i n   t h e  5 H z  t o  1 K H z  
r a n g e   ( o u t p u t t i n g   d a t a   a t   1 0 0 . 8   K b p s ) .  The d a t a   c o n t e n t s   a r e  
d e t e r m i n e d   f r o m  t h e  s t a t u s   b i t s   i n   t h e  LRS p a c k e t ,   d e s c r i b e d   i n  
A 2 . 1 1 . 1 . 2 .  A L L  d a t a  i s  b u f f e r e d   b y  t h e  C D S ,  p l a c e d   i n t o   t h e   d a t a  
s t r e a m ,   u i t h   e x c e s s   b i t s   b e i n g   d i s c h a r g e d .  
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A 2 . 1 1 . 8  P U S  H C J  P a c k e t  

The s c h e m a t i c   o f  a PUS H i g h   r a t e  P U S  ( H C J )  p a c k e t   i s   s h o w n   i n   F i g u r e  
A 2 . 1 1 . 8 .  1 p a c k e t   i s   p l a c e d   i n   e a c h  H C J  f r a m e .  

""""""""-""""""""""" 
T i t l e  I U i d e b a n d   W a v e f o r m   R e c e i v e r   D a t a  I 

D a t a  I 0 I 
O f f  s e t  I I 

B i t s /  I 8 6 4  I 
p a c k e t  I I 

D e s c r i p t i o n  I A 2 . 1 1 . 8 . 2  I 

I I 

I I 

I I 

F i g u r e  A 2 . 1 1 . 8 .  PUS H C J  P a c k e t  

A 2 . 1 1 . 8 . 1  P U S  H C J  P a c k e t   S y n c h r o n i c i t y .   U i t h i n  t h e  P U S  H C J  p a c k e t ,   t h e r e  w i L L  
e x i s t   n o   s y n c h r o n i s m .  

A 2 . 1 1 . 8 . 2  U i d e b a n d   W a v e f o r m   R e c e i v e r   D a t a .   T h i s   s e c t i o n   c o n t a i n s   d a t a   f r o m  t h e  
U i d e b a n d   W a v e f o r m   R e c e i v e r   c o n s i s t i n g  o f  2 1 6  w o r d s   o f  4 b i t s   e a c h ,   a n d  
i s   o f   t h r e e   p o s s i b l e   t y p e s .  I t  c a n   b e   d a t a   i n  t h e  5 H z  t o  1 K H z  r a n g e  
( o u t p u t t i n g   d a t a   a t  1 2 . 6  k b p s ) ,  t h e  5 0  Hz t o  1 0  KHz r a n g e   ( o u t p u t t i n g  
d a t a   a t  1 0 0 . 8  k b p s ) ,   o r   t h e  5 0  Hz t o  8 0  KHz r a n g e   ( o u t p u t t i n g   d a t a   a t  
8 0 6 . 4  k b p s ) .  The d a t a   c o n t e n t s   a r e   d e t e r m i n e d   f r o m  t h e  s t a t u s   b i t s   i n  
t h e  LRS p a c k e t ,   d e s c r i b e d   i n  A 2 . 1 1 . 1 . 2 .  A l l  d a t a   i s   b u f f e r e d  b y  t h e  
C D S ,  p l a c e d   i n t o  t h e  d a t a   s t r e a m ,   w i t h   e x c e s s   b i t s   b e i n g   d i s c h a r g e d .  
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e A 2 . 1 1 . 9  P U S   H P J  P a c k e t  

T h e  s c h e m a t i c   o f  a P U S  H i g h   r a t e  P U S   ( H P J )  p a c k e t  i s  s h o u n  i n  F i g u r e  
A 2 . 1 1 . 9 .  1 p a c k e t  i s  p l a c e d   i n   e a c h  H P J  f r a m e .  

”_””””““””””””“”“””” 

T i t l e  I U i d e b a n d   U a v e f o r m   R e c e i v e r   D a t a  I 

D a t a  I 0 I 
O f f  s e t  I I 

B i t s /  I 8 6 4  I 
p a c k e t  I I 

D e s c r i p t i o n  I A 2 . 1 1 . 9 . 2  I 

1 I 

I I 

I I 

F i g u r e  A 2 . 1 1 . 9 .  P U S   H P J  P a c k e t  

A 2 . 1 1 . 9 . 1  P U S  H P J  P a c k e t   S y n c h r o n i c i t y .   W i t h i n  t h e  P U S   H P J  p a c k e t ,   t h e r e  w i l l  
e x i s t   n o   s y n c h r o n i s m .  

A 2 . 1 1 . 9 . 2  U i d e b a n d   U a v e f o r m   R e c e i v e r   D a t a .  T h i s  s e c t i o n   c o n t a i n s   d a t a  f r o m  t h e  
U i d e b a n d   U a v e f o r m   R e c e i v e r   c o n s i s t i n g  o f  2 1 6  w o r d s  o f  4 b i t s   e a c h ,   a n d  
i s  o f   t h r e e   p o s s i b l e   t y p e s .  I t  c a n   b e   d a t a   i n   t h e  5 Hz t o  1 K H z  r a n g e  
( o u t p u t t i n g   d a t a   a t  1 2 . 6  k b p s ) ,   o r  t h e  5 0  Hz t o  1 0  KHz r a n g e   ( o u t p u t -  
t i n g   d a t a   a t  1 0 0 . 8  k b p s ) ,   o r  t h e  5 0  Hz t o  8 0  KHz r a n g e   ( o u t p u t t i n g  
d a t a   a t  8 0 6 . 4  k b p s ) .  The d a t a   c o n t e n t s   a r e   d e t e r m i n e d   f r o m   t h e  s t a t u s  
b i t s   i n  t h e  LRS p a c k e t ,   d e s c r i b e d   i n  A 2 . 1 1 . 1 . 2 .  A l l  d a t a  i s  b u f f e r e d  
b y  t h e  C D S ,  p l a c e d   i n t o   t h e   d a t a   s t r e a m ,   u i t h   e x c e s s   b i t s   b e i n g  
d i s c h a r g e d .  
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A2 .12  S O L I D  S T A T E  I M A G I N G  SUBSYSTEM T E L E M E T R Y  

T h i s   p a r a g r a p h   d e s c r i b e s   t h e   f o r m a t   a n d   c o n t e n t  o f  t h e  S S I  o u t p u t ,  
b o t h   t o  t h e  LRS d a t a   s t r e a m   v i a  t h e  D a t a   S y s t e m   B u s   a n d   t o   t h e  D B U M  
v i a   t h e   h i g h   r a t e   i n t e r f a c e .  

A 2 . 1 2 . 1  S S I  LRS P a c k e t .   T h e   s c h e m a t i c   o f   t h i s   p a c k e t   i s   s h o u n   i n   F i g u r e  
A 2 . 1 2 . 1 .  Three  i d e n t i c a l  S S I  LRS p a c k e t s   a r e   p l a c e d   i n   e a c h  L R S  
f r a m e ,  96 b i t s   p e r  LRS f r a m e .  

T i t l e  
I 
-"""""""""""""""""""""" 

I 2 1 / 3  S e c o n d  I 
I S t a n d a r d   H o u s e k e e p i n g  I I m a g i n g  I 
I D a t a  I H o u s e k e e p i n g   D a t a  I 
I I I 

I I I 

I I 
I 
I 

D a t a   O f f s e t  I 0 I 16 I 

B i t s / p a c k e t  I 16 I 16 

D e s c r i p t i o n  I A 2 . 1 2 . 1 . 2  I A 2 . 1 2 . 1 . 3  I 
I I I 

F i g u r e  A 2 . 1 2 . 1  S S I  LRS P a c k e t  

A 2 . 1 2 . 1 . 1  I n s t r u m e n t   S y n c h r o n i c i t y .   W i t h i n   t h e  S S I  LRS p a c k e t ,   t h e r e   w i l l  
e x i s t   t u 0   m a j o r   s y n c h r o n i s m s   r e l a t i v e   t o  t h e  S C L K .  T h e  r e l a t i o n s h i p  
o f  t h e  S y n c h r o n i z a t i o n   I n d e x ' s   t o  MOD 91 c o u n t   i s   s h o w n  i n  T a b l e  
A 2 . 1 2 . 1 .  

T a b l e  A 2 . 1 2 . 1  R e l a t i o n s h i p   o f  S I ' S  t o  MOD 91 

S t a n d a r d  
l m a g i n q  SI nooz 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 

0 ,  1 3 ,  2 6 ,  3 9 ,  5 2 ,  6 5 ,  78 
1 ,  1 4 ,  2 7 ,  4 0 ,  5 3 ,  6 6 ,  79  
2 ,  1 5 ,  2 8 ,  4 1 ,  5 4 ,  6 7 ,  8 0  

3 ,  1 6 ,  2 9 ,  4 2 ,  5 5 ,  6 8 ,  81 
4 ,  1 7 ,  3 0 .  4 3 ,  5 6 ,  6 9 ,  82 
5 ,  1 8 ,  3 1 .  4 4 ,  5 7 ,  7 0 ,  8 3  
6 ,  1 9 ,  3 2 ,  4 5 ,  5 8 ,  7 1 ,  84  
7 ,  2 0 ,  3 3 ,  4 6 ,   5 9 ,   7 2 ,  as 

9 ,   2 2 ,   3 5 ,   4 8 ,   6 1 ,   7 4 ,   a 7  
I O ,  2 3 ,  3 6 ,  4 9 ,   6 2 ,   7 5 .   8 8  

8 ,   2 1 ,  3 4 ,  4 7 ,   6 0 ,   7 3 ,   8 6  

1 1 ,  2 4 ,  3 7 ,  5 0 ,  6 3 ,  7 6 ,  8 9  
1 2 ,  2 5 ,  3 8 ,  5 1 ,  6 4 ,  7 7 ,  9 0  
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T a b l e  A 2 . 1 2 . 1  R e l a t i o n s h i p  o f  S I ' S  t o  M O D  9 1  

2 1 1 3  S e c o n d  
l m a n i n p  M O D  91 

0 0 ,  7 ,   1 4 ,   2 1 ,   2 8 ,   3 5 ,   4 2 ,   4 9 ,   5 6 ,   6 3 ,   7 0 ,   7 7 ,   8 4  
1 1 ,  8 ,  1 5 ,   2 2 ,   2 9 ,   3 6 ,   4 3 ,  5 0 ,  5 7 ,   6 4 ,   7 1 ,   7 8 ,   8 5  
2 2 ,  9 ,  1 6 ,   2 3 ,   3 0 ,   3 7 ,   4 4 ,   5 1 ,   5 8 ,   6 5 ,   7 2 ,   7 9 ,   8 6  
3 3 ,  1 0 ,  1 7 ,   2 4 ,   3 1 ,   3 8 ,   4 5 ,   5 2 ,   5 9 ,   6 6 ,   7 3 ,   8 0 ,   8 7  
4 4 ,  1 1 ,  1 8 ,   2 5 ,   3 2 ,   3 9 ,   4 6 ,   5 3 ,   6 0 ,   6 7 ,   7 4 ,   8 1 ,   8 8  
5 5 ,  1 2 ,   1 9 ,   2 6 ,   3 3 ,  4 0 ,  4 7 ,   5 4 ,   6 1 ,   6 8 ,   7 5 ,   8 2 .   8 9  
6 6 ,  1 3 ,   2 0 ,   2 7 ,   3 4 ,   4 1 ,   4 8 ,   5 5 ,   6 2 ,   6 9 ,   7 6 ,   8 3 ,   9 0  

A 2 . 1 2 . 1 . 2  S S I  S t a n d a r d   H o u s e k e e ~ i n a   D a t a .  T h e  S S I  S t a n d a r d   H o u s e k e e p i n g  D a t a  
s e c t i o n   c o n t a i n s  2 6  d a t a   w o r d s   w h i c h   a r e   c o m m u t a t e d   i n t o  t h e  f i r s t  
t u 0   ( o f   f o u r )   d a t a   b y t e s   i n   e a c h  LRS F r a m e ,   a s  s h o w n  i n  T a b l e  
A 2 . 1 2 . 2 .  The c o n t e n t s  o f  t h e  S S I  H o u s e k e e p i n g   D a t a   w o r d s   a r e  s h o w n  
i n   T a b l e  A 2 . 1 2 . 3 .  The s u b c o m m u t a t e d   h o u s e k e e p i n g   d a t a  i s  s h o w n  i n  
T a b l e  A 2 . 1 2 . 4 .  

T a b l e  A 2 . 1 2 . 2  S S I  S t a n d a r d   H o u s e k e e p i n g  v s .  S I ( M S B  i s  b i t  1 )  

S t a n d a r d  
l m a n i n p  

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  

B y t e  1 B y t e  2 

D a t a  
D a t a  
D a t a  
D a t a  
D a t a  
D a t a  
D a t a  
D a t a  
D a t a  
D a t a  
D a t a  
D a t a  
D a t a  

Word 
Word 
Word 
Word 
Uord 
Uord 
Word 
Word 
Word 
Word 
Word 
Word 
Word 

1 
3 
5 
7 
9 
1 1  
1 3  
1 5  
1 7  
19 
21 
2 3  
25  

D a t a  
D a t a  
D a t a  
D a t a  
D a t a  
D a t a  
D a t a  
D a t a  
D a t a  
D a t a  
D a t a  
D a t a  
D a t a  

Uord 2 
Word 4 
Word 6 
Word 8 
Word 1 0  
Word 1 2  
Word 1 4  
Word 1 6  
Word 1 8  
Word 2 0  
Word 2 2  
Word 24  
Word 2 6  

T a b l e  A 2 . 1 2 . 3  S S I  H o u s e k e e p i n g   D a t a  ( U S 8  i s   b i t  1 )  

B i t ( s )  M e a s u r e m e n t   C o n t e n t s  """"_ 1 1 - 8 l s u b c o m n u t a t e d   d a t e  I 1 """""""""~"""""""""""""""- 

"""I """ 

1 1 1 2 1 3 1 4 1 5 1 6 1 1 1 8 1  S S I  H o u s e k e e p i n g   D a t a  Word 1 

""""_ I l - 8 l p r o g r a m m e d   m e m o r y  [ D N  o f  w o r d   a d d r e s s e d   b y  I ......................... 

"""I ""- - I l u o r d   r e a d o u t  I r e a d o u t  I 
u 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  S S 1  H o u s e k e e p i n g   D a t a  Word 2 

3 6 1  
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T a b l e   A 2 . 1 2 . 3  S S I  H o u s e k e e p i n g   D a t a  ( U S E  i s  b i t  1 )  

B i t ( s )   M e a s u r e m e n t   C o n t e n t s  
"""""~"""""""""""""""""""- 

"""""""" I 1 l e n g i n e e r i n g   s a m p l e   J O = n o r m a l  I 
I I lmode  I l=Droqrammed I I """"""" 

I I """""" I 3 [ l i g h t   f l o o d   i n t e r n a l   I O = e n a b l e d  I 
I l l  I I d i s a b l e   l l = d i s a b l e d  I 

I 2 I s D a r e  I I 

I 4 ( l i g h t   f l o o d   s t a t u s   l O = o f f  I 

""""_ 
"""I """ 

programmed  engrng 
c h a n n e l :   i f   e n g r n g  
sample   mode i s  
p r o g r a m m e d ,   d a t a   i n  
words  6 t h r o u g h   2 1  
a r e   r e p l a c e d   w i t h   1 6  
s a m p l e s   o f  t h e  
i n d i c a t e d   m e a s u r e m e n t  

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 = o n  
0 0 0 0 = w o r d  6 
OOOl=word 7 
OOlO=word 8 
O O l l = u o r d  9 
OlOO=word  10 
O l O l = w o r d  1 1  
O l l O = w o r d   1 2  
O l l l = w o r d   1 3  
1 0 0 0 = w o r d   1 4  
1 0 0 1 = u o r d   1 5  
l O l O = u o r d   1 6  
l O l l = w o r d   1 7  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I  1 1 1 0 0 = w o r d  1 8  I 
I I  I l l O l = w o r d  1 9  I 
I I  l l l l O = w o r d  2 0  I 
I I l l l l = w o r d  21 I 

S S I  H o u s e k e e p i n g   D a t a   U o r d  3 

1 1 - 8 J e n g i n e e r i n g   s t a r t   ( 0 - 1 2 9  R T I  I 
I l t i m e  I I 
......................... 

S S I  H o u s e k e e p i n g   D a t a  Word 4 

I 1 l b u s   p a r i t y   e r r o r  l O = n o   e r r o r   d e t e c t e d  I 
I l d e t e c t e d  l l = e r r o r   d e t e c t e d  I 
I 2 l s t s t e  v e c t o r   c o n t r o l  l O = R O M  l i n k s  I 
I 3 l s t a t e   v e c t o r   c o n t r o l  ~ O = R O M  I 

I 4 I s t a t e   v e c t o r   c o n t r o l  I O = s c r a t c h p a d  1 I 
I t s c r a t c h p a d   s t a t u s  I l = s c r a t c h n a d  2 I 
I 5 l t i m i n g   s y n c   e r r o r  l O = n o   e r r o r   d e t e c t e d  I 

I 6 l u n r e c o g n i z e d  cmd l O = n o   e r r o r   d e t e c t e d  I 
I l d e t e c t e d  I l = e r r o r   d e t e c t e d  I 
I 7 l s e c o n d a r y   s c r a t c h p a d  l O = n o   e r r o r   d e t e c t e d  I 
I t e r r o r  I l t e r r o r   d e t e c t e d  I 
1 8 l p r i m a r y   s c r a t c h p a d  ) O = n o   e r r o r   d e t e c t e d  I 
I l e r r o r  ( s P ~ )  I l r e r r o r   d e t e c t e d  I 

......................... 

I IDroqram l i n k s   t l = s c r a t c h D s d   l i n k s  I 

I Iproeram  memory s t a t u s l l = ~ ~ ~  I 

I I I l r e r r o r   d e t e c t e d  I 

S S 1  H o u s e k e e p i n g   D a t a   U o r d  5 
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T a b l e   A Z . l Z . 3  S S I  H o u s e k e e p i n g   D a t a  (MSB i s   b i t  1 )  

B i t t s l  M e a s u r e m e n t   c o n t e n t s  

""""- """""""""""""""""""-"--------- 
I l - 8 l i n ~ u t   c u r r e n t  I O  t o   5 1 2  ma rms , I  

"""I """ - 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  S S I  H o u s e k e e p i n g   D a t a   U o r d  6 

""""_ ( 1 - 8 1 + 5 0  Vdc I O  t o  61 Vdc 
"""""""""""""""""""-"-------" 

I 

u """I """ 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 (  S S I  H o u s e k e e p i n g   D a t a   U o r d  7 

""""- """""~""""""""""""""----------- 
1 1 - 8 1 + 1 5  Vdc I O  t o  2 2  Vdc I 

"""I """ u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  S S I  H o u s e k e e p i n g   D a t a   U o r d  8 

""""- 1 1 - 8 1 - 1 5  Vdc 
""""""""""""""""""-"""------- 

10 t o   - 2 2  Vdc I 
"""I""" u 

( 1 1 2 1 3 1 4 1 5 1 6 l 7 1 8 )  S S 1  H o u s e k e e p i n g   D a t a   U o r d  9 
""""""""""""""""""""""------ """"_ 1 1 - 8 1 + 1 0  Vdc 10 t o   1 6  Vdc I 

6 -  """I """ 

( 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 (  S S I  H o u s e k e e p i n g   D a t a   U o r d   1 0  

""""_ 1 1 - 8 1 + 5  Vdc 10 t o   1 0  Vdc I ......................... 

"""I """ u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  S S I  H o u s e k e e p i n g   D a t a   U o r d  1 1  

......................... """"_ 1 1 - 8 1 - 5  Vdc 10 t o   - 1 0  Vdc I 
"""I """ w 

1 1 ~ 2 1 3 ~ 4 ~ 5 ~ 6 / 7 ~ 8 1  S S I  H o u s e k e e p i n g   D a t a   U o r d   1 2  

""""_ 1 1  0 t o  1 4  Vdc I ......................... 

""" I """ .w 
1 1 ~ 2 ~ 3 1 4 1 5 ~ 6 1 7 1 8 1  S S I  H o u s e k e e p i n g   D a t a   U o r d   1 3  

......................... 

" " " _ "  I l - S l C C D   t e m p e r a t u r e .  f i n c l - 9 7 . 2  t o   - 1 2 2 . 8   d e q .  C I - """I""" 

( 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  S S I  H o u s e k e e p i n g   D a t a   U o r d   1 4  

""."" .......................... 

I l - 8 l b a s e l i n e   c o r r e c t i o n   v o l t s   1 - 7 . 5  t o  + 7 . 5  Vdc I 
"""I """ - 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  S S I  H o u s e k e e p i n g   D a t a  Uord 1 5  
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T a b l e   A 2 . 1 2 . 3  S S I  H o u s e k e e p i n g   D a t a  ( M S B  i s   b i t  1 )  

B i t ( s )   M e a s u r e m e n t   C o n t e n t s  """"_ ......................... 

1 1 - 8 l A D C   r e f e r e n c e   v o l t s  10 t o   - 1 5 . 3  Vdc I 
"""I""" - 

) 1 1 2 ! 3 ! 4 1 5 1 6 1 7 1 8 1  S S I  H o u s e k e e p i n g   D a t a   U o r d   1 6  
......................... """"_ 1 1 - 8 1 ~ ~ ~  10 t o   4 2 . 6  Vdc I 

"""I""" - 
1 1 1 2 1 3 1 4 1 5 1 6 ! 7 1 8 )  S S I  H o u s e k e e p i n g   D a t a   U o r d   1 7  

""""- 1 1 - 8 1 ~ ~ ~ ~  10 t o   4 2 . 6  Vdc 
......................... 

I 
I """I""" 

~ 

1 1 1 2 1 3 1 4 1 5 1 6 ! 7 1 8 (  S S I  H o u s e k e e p i n g   D a t a   U o r d  18 """"_ """"""""""""""""""""-""-"" 
(1-81CCD t e m D .  c o a r s e  1 + 5 5  t o   - 1 5 0   d e g r e e s  C I - """I""" 

1 1 1 2 1 3 1 4 1 5 1 6 ! 7 1 8 1  S S I  H o u s e k e e p i n g   D a t a   U o r d  19 
......................... """"_ ( 1 - 8 l D o s i t i v c   c l o c k   v o l t s  10 t o   + 1 5 . 2  Vdc I - """I """ 

1 1 1 2 1 3 ! 4 1 5 1 6 1 7 1 8 1  S S I  H o u s e k e e p i n g   D a t a   U o r d   2 0  """"_ I l - 8 l n e s a t i v e   c l o c k   v o l t s  10 t o   - 3 2 . 0  Vdc 
......................... 

I 
"""I""" u 

1 1 1 2 ! 3 1 4 1 5 1 6 1 7 1 8 1  S S I  H o u s e k e e p i n g   D a t a   U o r d   2 1  

""""- ......................... 

I I I  l z e r o   e x p o s u r e   a n d   d a r k  I 
"""I """ I I ! c u r r e n t   c a l i b r a t i o n  I u 

1 1 - 8 l p i c t u r e   c o u n t   J i n c r e m e n t s   e v e r y   n o n -  I 

1 1 1 2 ! 3 1 4 1 5 1 6 1 7 1 8 1  S S I  H o u s e k e e p i n g   D a t a   U o r d   2 2  

""""_ I l - 8 l i m a q e   p a r a m e t e r s  1 
......................... 

l c m d   e c h o   o f   i m a s e   D a r a m . 1  
"""I""" u 

1 1 1 2 1 3 1 4 ! 5 1 6 1 7 1 8 1  S S I  H o u s e k e e p i n g   D a t a   U o r d   2 3  

""-"" ......................... 

I l - 8 l i m a s e   p a r a m e t e r s  2 l c m d   e c h o  o f  i m a g e   p a r a m . 1  
"""I""" u 

1 1 1 2 ! 3 1 4 1 5 1 6 1 7 1 8 1  S S I  H o u s e k e e p i n g   D a t a   U o r d  2 4  
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T a b l e   A 2 . 1 2 . 3  S S I  H o u s e k e e p i n g   D a t a  (MSB i s  b i t  1 )  

B i t t s )  M e a s u r e m e n t   C o n t e n t s  
""""""""""~"""""""""""------- """""""_ I l - 2 l i m e g i n g  m o d e   1 0 0 = 6 0 - 2 / 3  s I 

I I I  ( 0 1 = 8 - 2 / 3  s I 
I I I  I 1 0 = 3 0 - 1 / 3  s I 
I I 1 1 1 1 = 2 - 1 / 3  s I 
I - - - - - - - - - - - I 3 l e x p o s u r e   m o d e  I O=norma 1 I 
I I  I I I l = e x t e n d e d  ' I  
I I """"" I 4 l l o n g   e x p o s u r e   c y c l e  J O = c y c l e  1 I 
I I I  I I l l = c v c l e  2 I 
I I I """" I 5 ( c o m p r e s s i o n   m o d e  ( O = r a t e   c o n t r o l l e d  I 
I I l l  I I I l = i n f o r m a t i o n   ~ r e s e r v i n q j  

1 I I I """ I 6 l i m a g e   c o m p r e s s o r  ) O = c o m p r e s s o r   o u t  I 
I I I I I  I I I l = c o m D r e s s o r   i n  I 
I I I I I  - - -  1 7 - 8 1 g a i n   J O O = g a i n  1 I 
I I I I I  I I I  l O l = g a i n  2 I 
I I I I I  I I I  I l o = g a i n  3 I 
I I I I I  I I I I l l - g a i n  4 I 
lJlLu-u 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  S S I  H o u s e k e e p i n g   D a t a   U o r d   2 5  

"""""""" 

""""""""""""""""""""""-"--- 
I 1 l m e m o r y   w r i t e   p r o t e c t   l O = w r i t e   p r o t e c t  o f f  I 

I I I ( l = w r i t e   D r o t e c t   o n  I 
I """"""" I 2 ( p a r a l l e l   c l o c k   s t a t e   ( O = n o r m a l  I 
I I  I I 
I I """""" I 3 l w a t c h d o g   t i m e r   I O = n o t   t r i p p e d  I 
I l l  I I 
I I I " " - - - " -  I 4 l b l e m i s h   p r o t e c t i o n   l o r o f f  I 
I I I I  I I I I r o n  I 
I I I I """ 1 5 - 7 ) a c t u a t   f i l t e r   l p o s i t i o n  0 t h r o u g h  7 I 
I I I I  I I I D o s i t i o n  I I 

I I I I  - 1 -  I 
Lu"u 

l l = i n v e r t e d  I 

I l Z t r i D D e d  I 

I I I I I - -  I 8 ( f i l t e r  ~ ~ t n  D a r i t Y   l o d d   D a r i t v  I 

) 1 ) 2 1 3 ) 4 ) 5 1 6 1 7 1 8 1  S S I  H o u s e k e e p i n g   D a t e   U o r d   2 6  

B i t ( s L  M e a s u r e m e n t   C o n t e n t s  
.......................... """"_ 1 1 - 8 1 M S  b y t e   p r o g r a m m e d  I I 

"""I """ I l m e m o r v   w o r d   a d d r e s s  I I - 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 6 1  MOD91=0 Subcornmutated S S I  H o u s e k e e p i n g   D a t a  Word 1 """"_ ......................... 

I l - 8 l L S  b y t e   p r o g r a m m e d  I I 
"""I """ 1 1 1  u 

1 1 1 2 1 3 l 4 1 5 1 6 1 7 1 8 1  MOD91=13  Subcornmutated S S I  H o u s e k e e p i n g   D a t a  Word 1 
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T a b l e   A 2 . 1 2 . 4  S S I  S u b c o m m u t a t e d   H o u s e k e e p i n g   D a t a  (MSB i s  b i t  1 )  

B i t ( s )  M e a s u r e m e n t   C o n t e n t s  

""""""_ "~"""""""""""""""""""--------- 
1 1 - 4 1 ~ a r i t y   e r r o r   c o u n t   l c o u n t   o f   D a r i t y   e r r o r s  I 

I ""- 1 5 - 8 l u n r e c o g n i z e d  cmd l c o u n t   o f   u n r e c o g n i z e d  I 
"I"  "I" I I c o u n t  I commands I u 

) 1 ! 2 1 3 1 4 i S i 6 1 7 1 8 )  MOD91=26  Subcornmutated S S I  H o u s e k e e p i n g   D a t a  Word 1, 

......................... """"_ I l - S l M S   b y t e  S S 1  t r a n s f e r  IMS b y t e ,   n u m b e r  o f  b y t e s )  

"""I """ I l c o u n t   l r e c e i v e d   f r o m  C D S  I u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 )  MOD91=39 S u b c o m m u t a t e d  S S I  H o u s e k e e p i n g   D a t a  Word 1 

......................... """"_ l l - 8 1 L S   b y t e  S S I  t r a n s f e r  I L S  b y t e ,   n u m b e r  o f  b y t e s 1  

"""I """ I I c o u n t   l r e c e i v e d   f r o m  C D S  I u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  MOD91=52 S u b c o m m u t a t e d  S S I  H o u s e k e e p i n g   D a t a   U o r d  1 

"""""""""""""""""""""-"""- """"- 1 1 - S l p r i m a r y   p r o g r a m   l r e s u l t  o f  R O M  c h e c k s u m  I 
"-"-I"---- I lmemory  checksum < R O M ) l  I 
u 

1 1 1 2 i 3 i 4 1 5 1 6 1 7 1 8 )  MOD91=65 Subcornmutated S S I  H o u s e k e e p i n g   D a t a   U o r d  1 

""""_ ~ 1 - 8 ~ s e c o n d a r y   p r o g r a m   \ r e s u l t   o f  R A M  c h e c k s u m  I ......................... 

""--I""-- I lmemorv  checksum ( R A M I 1  i - 
11121314151617181  MOD9ln78  Subcornmutated S S I  H o u s e k e e p i n g   D a t a  Word 1 

A 2 . 1 2 . 1 . 3  S S I  2 1 / 3   S e c o n d   I m a g i n g   H o u s e k e e ~ i n s   D a t a .   U h e n  t h e  S S I  i s  i n  t h e  2 
1 / 3   S e c o n d   I m a g i n g   m o d e   ( u o r d   2 5 ,   b i t s   1 - 2 = 1 1 ) ,  t h e  S S I  2 1 / 3   S e c o n d  
I m a g i n g   H o u s e k e e p i n g   D a t a   s e c t i o n   c o n t a i n s  5 d a t a   u o r d s  ( f r o m  T a b l e  
A 2 . 1 2 . 3 )   u h i c h   a r e   c o m m u t a t e d   i n t o  the  s e c o n d   t u 0  ( o f   f o u r )  d a t a  
b y t e s  i n  e a c h  LRS Frame,  a s  s h o w n   i n   T a b l e   A 2 . 1 2 . 5 .  When t h e  S S I  i s  
n o t   i n   t h e  2 1 / 3   S e c o n d   I m a g i n g   m o d e ,  the  S S I  2 1 / 3   S e c o n d   I m a g i n g  
H o u s e k e e p i n g   D a t a   s e c t i o n   c o n t e n t s  a r e  i n v a l i d .  

2 1 1 3   S e c o n d  
l m a s i n q  B y t e  4 

D a t a   U o r d   2 2  D a t a   U o r d   2 3  
D a t a   U o r d   2 4  D a t a   U o r d   2 5  
D a t a   U o r d   2 6  s p a r e  

s p a r e  s p a r e  
D a t a   U o r d   2 2  D a t a  Uord 2 3  
D a t a   U o r d   2 4  D a t a   U o r d   2 5  
D a t a   U o r d   2 6  s p a r e  
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A 2 . 1 2 . 1 . 4  T e l e m e t r y  Mode Chanqes .   Upon t h e  a p p l i c a t i o n   o f   s y s t e m   p o w e r ,  S S 1  

A 2 . 1 2 . 2  

T i t l e  

s h a l l   a s s u m e  a v a l i d   i m a g i n g   m o d e ,  w i t h  t h e  m i c r o p r o c e s s o r   c o n f i g u r e d  
t o  R O M  p r o g r a m   a n d   s c r a t c h p a d   m e m o r y   o n e .   T h e  S S I  s h a l l   i n h i b i t  

i s  
o f  

s h u t t e r i n g ,   f i l t e r   u h e e l   s t e p p i n g ,   a n d   i n s u r e   t h a t  t h e  s h u t t e r  
c l o s e d   u n t i l   v a l i d   c o m m a n d i n g   t a k e s   p l a c e .   U p o n   t h e   r e m o v a l  
s y s t e m   p o u e r ,  t h e  S S I  s h a l l   p r e v e n t   s h u t t e r i n g ,   f i l t e r  w h  
s t e p p i n g ,   a n d   i n s u r e   t h a t  t h e  s h u t t e r  i s  c l o s e d .  
Commanded t e l e m e t r y  m o d e   c h a n g e s   s h a l l   b e   p r o c e s s e d   e v e r y  R 
T e l e m e t r y   i m a g i n g   m o d e   c h a n g e s   s h a l l   o c c u r   a t   t h e   b e g i n n i n g  o f  a R 

S S I  6 7 . 2  k b p s  X C M  P a c k e t .  The s c h e m a t i c   o f  t h i s  p a c k e t  i s  shown 
F i g u r e  A 2 . 1 2 . 2 .  One S S I  6 7 . 2  k b p s  X C M  p a c k e t  i s  d i v i d e d  among 
6 7 . 2  k b p s   f r a m e s   ( o n e   i m a g e   l i n e  p e r   f r a m e ) .  

e e  I 

I I .  

I M .  

i n  
9 1  0 

I L a s t   t i n e  I F i l l  I S u b s e q u e n t   I m a g e   L i n e s  I 
] o f   p r e v i o u s 1   D a t a  I I 
I Image I I I 
I I I I 

"""""""""_"""""""""""""""""""" 

D a t a   O f f s e t  I 0 I 31  04 I 3 4 4 5 4 4  I 

B i t s / p a c k e t  I 3 1 0 4  I 3 4 1 4 4 0  I 2 4 8 0 0 9 6  I 
I ( t i n e  0 )  I ( 1 - 1 1 0 )  I ( 1 1 1 - 9 0 9 )  I 

D e s c r i p t i o n  I A 2 . 1 2 . 2 . 4  I A 2 . 1 2 . 2 . 2  I A 2 . 1 2 . 2 . 4  I 

I I I I 

I I I I 

I f I I 

F i g u r e  A 2 . 1 2 . 2  S S I  6 7 . 2  k b p s  X C M  P a c k e t  

A 2 . 1 2 . 2 . 1  I n s t r u m e n t   S y n c h r o n i c i t y .   U i t h i n  t h e  S S I  6 7 . 2  k b p s  X C M  p a c k e t ,   t h e r e  
u i l l   e x i s t   n o   m a j o r   s y n c h r o n i s m   r e l a t i v e   t o   t h e  S C L K .  

A 2 . 1 2 . 2 . 2  F i l l   D a t a .  T h i s  s e c t i o n   c o n t a i n s   f i l l   d a t a   c o m p o s e d   o f   d a t a   a l r e a d y  
p r e s e n t   i n  t h e  d a t a   b u f f e r s .  

A 2 . 1 2 . 2 . 3  D e l e t e d .  

A 2 . 1 2 . 2 . 4  l m a q e   D a t a   S e c t i o n .  T h i s  s e c t i o n   c o n t a i n s   i m a g e   d a t a   i n  a c o m p r e s s e d  
f o r m a t .   E a c h  3 1 0 4  b i t s   o f  a 6 7 . 2  k b p s   f r a m e   c o n s i s t s   o f  2 5 9 2  b i t s  o f  
c o m p r e s s e d   i m a g e   d a t a ,   a n d  5 1 2  b i t s   o f   R e e d - S o l o m o n   p a r i t y   s y m b o l s .  
B e c a u s e   o f   c o m p r e s s e d   L i n e   t i m i n g   d e l a y s ,   t h e   l a s t   l i n e   o f   e a c h   i m a g c  
i s  d e l a y e d   u n t i l  the  s t a r t   o f  t h e  f o l l o u i n g   p a c k e t .  

A 2 . 1 2 . 2 . 5  C o m ~ r e s s e d   I m a g e   D a t a .  The c o m p r e s s e d   i m a g e   d a t a   c o n s i s t s   o f   d a t a  
u h i c h   h a s   u n d e r g o n e  B A R C  d a t a   c o m p r e s s i o n ,   e i t h e r   i n  a r a t e  
c o n t r o l l e d   m o d e .   o r   a n   i n f o r m a t i o n   p r e s e r v i n g   m o d e .  

A 2 . 1 2 . 2 . 6  R e e d - S o l o m o n   C o d i n g   F u n c t i o n .  A J I B ,  E = l 6 ,   1 = 2  R e e d - S o l o m o n   c o d e ,  
t o g e t h e r   w i t h  8 K = 7 ,   R = 1 / 2  c o n v o l u t i o n a l   c o d e ,  i s  e m p l o y e d   t o  
c o n s t r u c t  a c o n c a t e n a t e d   I m a g i n g   d a t a   c h a n n e l .   T h e   p e r f o r m a n c e  of  
the  c o d e  i s  s u c h   t h a t   t h e   c o d e d   i m a g i n g   d a t a   u i l l   b e   d e l i v e r e d  t o  t h e  
u s e r s  w i t h  a b i t   e r r o r   r a t e   o f  5 5 x e v e n   t h o u g h  t h e  o v e r a l l  
h i g h   r a t e   c h a n n e l  i s  o p e r a t e d   a t  a b i t   e r r o r   r a t e   o f  5 5 x 1 0  . - 3  
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A 2 . 1 2 . 2 . 7   E x t e n d e d   E x v o s u r e   M o d e .   I n  t h e  E x t e n d e d   E x p o s u r e   M o d e ,   t w o   p a c k e t s  
o f   i m a g e   d a t a   a r e   r e q u i r e d   f o r   e a c h   i m a g e .  T h e  f i r s t   p a c k e t   w i l l  
c o n t a i n   d a t a  a s  s p e c i f i e d   b e f o r e ,   b u t  t h e  f i r s t   p a c k e t ' s   i m a g e   d a t a  
w i l l  n o t   b e   v a l i d  ( i . e .  i t  w i l l   c o n t a i n   f i l l   d a t a ) ,   a n d   t h e   i m a g e  
d a t a   w i l l   a l l   b e   p r e s e n t   i n  t h e  s e c o n d   p a c k e t ' s   i m a g e   d a t a   a r e a .  

A 2 . 1 2 . 2 A  S S I  6 7 . 2   k b v s . X E D   P a c k e t .  T h e  s c h e m a t i c   o f  t h i s  p a c k e t  i s  s h o w n   i n  
F i g u r e   A 2 . 1 2 . 2 A .  One S S I  6 7 . 2   k b p s  X E D  p a c k e t  i s  d i v i d e d  among  910  
6 7 . 2   k b p s   f r a m e s   ( o n e   i m a g e   l i n e   p e r   f r a m e ) .  

I Last  Line I ( F i r s t  LineISubsequent I !First  LinelSubsequent I 
Tit le  lof  previous1 F i l l  I of Image [Image  Lines1 F i l l  I of Image [Image  Lines1 

I Image I Data I 1 I Sect ion I Data I 2 I Sect ion I 

Data I 1 I I I I I I 
Offset I 0 I 3104 I 170720 I 176928 I 1415424 I 1583040 I 1589248 I 

B i t s /  I 3104 I 167616 I 3104 I 1238496 I 167616 I 3104 I 1235392 I 
packet I ( l i n e  0 )  I ( 1 - 5 4 )  I (55)  I (56-455)  I (456-509)l   (510)  I (511-9091 I 

1 2 1  I 1 1  I I 1 2  I 

I I I I I I I I 

I I I I I I I I 
Descr i -1  A2.12.2A.41A2.12.2A.2IA2.12.2A.4) A2.12.2A.41A2.12.2A.21A2.12.2A.41 A2.12.2A.4) 
p t i o n  I 1 I I I I I I 

F i g u r e   A 2 . 2 . 1 2 . 2 A  S S I  6 7 . 2   k b p s  X E D  P a c k e t  

A 2 . 1 2 . 2 A . l   I n s t r u m e n t   S y n c h r o n i c i t y .   U i t h i n  t h e  S S I  6 7 . 2   k b p s  X E D  p a c k e t ,   t h e r e  
w i l l   e x i s t   n o   m a j o r   s y n c h r o n i s m   r e l a t i v e  t o  t h e  SCLK. 

A 2 . 1 2 . 2 A . 2   F i l l   D a t a :   T h i s   s e c t i o n   c o n t a i n s   f i l l   d a t a   c o m p o s e d   o f   d a t a   a l r e a d y  
p r e s e n t   i n  t h e  d a t a   b u f f e r s .  

A 2 . 1 2 . 2 A . 3   D e l e t e d .  

A 2 . 1 2 . 2 A . 4   l m a q e   D a t a   S e c t i o n .   T h i s   s e c t i o n   c o n n t a i n s   i m a g e   d a t a   i n   a n   e d i t e d  
a n d   c o m p r e s s e d   f o r m a t .   E a c h   3 1 0 4   b i t s   o f   d a t a   c o n s i s t s   o f   2 5 9 2   b i t s  
o f   c o m p r e s s e d   i m a g e   d a t a  w h i c h  i s  a l s o   e d i t e d ,   a n d   5 1 2   b i t s   o f   R e e d -  
S o l o m o n   p a r i t y   s y m b o l s .  The s e t s  o f   c o m p r e s s e d   i m a g e   d a t a   a n d   R e e d -  
S o l o m o n   p a r i t y   s y m b o l s   a r e   d e s c r i b e d   i n   p a r a g r a p h   A 2 . 1 2 . 2 . 4   a n d  
A 2 . 1 2 . 2 . 5 .  The f i r s t   l i n e   c o n s i s t s   o f   t h e   n o r m a l l y   e d i t e d   o d d   l i n e  
o f  t h e  f i r s t   L i n e   p a i r .   S u b s e q u e n t   o d d   l i n e s   a r e   e d i t e d   o u t   b y  t h e  
CDS. 

A 2 . 1 2 . 2 A . 5   E x t e n d e d   E x v o s u r e   M o d e .   I n   t h e   E x t e n d e d   E x p o s u r e   M o d e ,   t w o   p a c k e t s  
o f   i m a g e   d a t a   a r e   r e q u i r e d   f o r   e a c h   i m a g e .  The f i r s t   p a c k e t   w i l l  
c o n n t a i n   d a t a  a s  s p e c i f i e d   b e f o r e ,   b u t  t h e  f i r s t   p a c k e t ' s   i m a g e   d a t a  
w i l l   n o t   b e   v a l i d   ( i . e .  i t  w i l l   c o n t a i n   f i l l   d a t a ) ,   a n d   t h e   i m a g e  

d a t a   w i l l   a l l   b e   p r e s e n t   i n  t h e  s e c o n d   p a c k e t ' s   i m a g e   d a t a   a r e a .  

A 2 . 1 2 . 3  S S I  1 1 5 . 2   k b o s   S t a n d a r d   I m a a i n a   P a c k e t .  T h e  s c h e m a t i c   o f  t h i s  p a c k e t  
i s  s h o w n   i n   F i g u r e   A 2 . 1 2 . 4 .   O n e  S S I  1 1 5 . 2   k b p s   s t a n d a r d   i m a g i n g  
p a c k e t   i s   d i v i d e d   a m o n g   9 1 0   1 1 5 . 2   k b p s   f r a m e s   ( o n e   i m a g e   l i n e   p e r  
f r a m e ) .  
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I 
"""""""""""""""""""""""- 

F i l l  I I m a g e   D a t a   S e c t i o n  I 
T i t l e  I D a t a  

D a t a   O f f s e t  I 0 I 6 9 3 4 4 0  I 

B i t s / p a c k e t  I 6 9 3 4 4 0  I 5 0 4 3 2 0 0  I 
I ( l i n e s  0 - 1 0 9 1  I ( l i n e s  1 1 0 - 9 0 9 )  I 

D e s c r i p t i o n  I A 2 . 1 2 . 3 . 2  I A 2 . 1 2 . 3 . 4  I 

I I 
I I I 

I I I 

I I I 

I"" """""""_ I """"""""" """"-I 
f i g u r e  A 2 . 1 2 . 4  S S I  1 1 5 . 2  k b p s   P a c k e t  

A 2 . 1 2 . 3 . 1  I n s t r u m e n t   S v n c h r o n i c i t y .   U i t h i n  t h e  $ S I  1 1 5 . 2  k b p s   s t a n d a r d   i m a g i n g  
p a c k e t ,   t h e r e  w i l l  e x i s t   n o   m a j o r   s y n c h r o n i s m   r e l a t i v e   t o   t h e  SCLK. 

A 2 . 1 2 . 3 . 2  F i l l  D a t a .  T h i s  s e c t i o n   c o n t a i n s   f i l l   d a t a   c o m p o s e d   o f   d a t a   a l r e a d y  
p r e s e n t   i n  t h e  d a t a   b u f f e r s .  

A 2 . 1 2 . 3 . 3  D e l e t e d  

A 2 . 1 2 . 3 . 4  I m a q e   D a t a   S e c t i o n .   T h i s   s e c t i o n   c o n t a i n s   s t a n d a r d   i m a g i n g .   E a c h  
6 3 0 4  b i t s   o f   d a t a   m a k e s   u p   o n e   l i n e   o f   a n   i m a g e .   E a c h  8 b i t s   o f   d a t a  
c o r r e s p o n d s   t o   o n e   p i x e l   o f  t h e  i m a g e .   . p a  

A 2 . 1 2 . 3 . 5  E x t e n d e d   E x p o s u r e   M o d e .   I n  t h e  E x t e n d e d   E x p o s u r e   M o d e ,   t w o   p a c k e t s  
o f   i m a g e   d a t a   a r e   r e q u i r e d   f o r   e a c h   i m a g e .  The f i r s t   p a c k e t  w i l l  
c o n t a i n   d a t a   a s   s p e c i f i e d   b e f o r e ,   b u t  t h e  f i r s t   p a c k e t ' s   i m a g e   d a t a  
w i l l  n o t   b e   v a l i d  ( i . e .  i t   w i l l   c o n t a i n   f i l l   d a t a ) ,   a n d   t h e   i m a g e  
d a t a   w i l l   a l l   b e   p r e s e n t   i n  t h e  s e c o n d   p a c k e t ' s   i m a g e   d a t a   a r e a .  

A 2 . 1 2 . 4  S S I  1 1 5 . 2  k b D s   C o m p r e s s e d   I m a s i n s   P a c k e t .  The s c h e m a t i c   o f  t h i s  
p a c k e t  i s  s h o w n   i n   F i g u r e  A 2 . 1 2 . 6 .  One S S I  1 1 5 . 2  k b p s   c o m p r e s s e d  
i m a g i n g   p a c k e t  i s  d i v i d e d  among 9 1 0   1 1 5 . 2  k b p s   f r a m e s   ( t w o   i m a g e   l i n e s  
p e r   f r a m e ) .  
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A 2 . 1 2 . 4 . 1  I n s t r u m e n t   S v n c h r o n i c i t v .   U i t h i n  t h e  S S I  1 1 5 . 2  k b p s   c o m p r e s s e d  
i m a g i n g   p a c k e t , '   t h e r e   w i l l   e x i s t   n o   m a j o r   s y n c h r o n i s m   r e l a t i v e   t o   t h e  
S C L K .  

A 2 . 1 2 . 4 . 2  F i l l   D a t a .  T h i s  s e c t i o n   c o n t a i n s   f i l l   d a t a   c o m p o s e d   o f   d a t a   a l r e a d y  
p r e s e n t   i n  t h e  d a t a   b u f f e r s .  

A 2 . 1 2 . 4 . 3  D e l e t e d  

A 2 . 1 2 . 4 . 4  I m a p e   D a t a   S e c t i o n  # l .  T h i s  s e c t i o n   c o n t a i n s   c o m p r e s s e d   i m a g i n g .  
Each 1 1 5 . 2  k b p s   f r a m e   o f   i m a g i n g   d a t a   c o n t a i n s  2 s e t s  o f   c o m p r e s s e d  
i m a g e   d a t a  ( 2 5 9 2  b i t s )   a n d   R e e d - S o l o m o n   p a r i t y   s y m b o l s  ( 5 1 2  b i t s ) ,  
a n d   f i l l e r   d a t a  ( 9 6  b i t s ) .  E a c h   o f   t h e  s e t s  o f   c o m p r e s s e d   i m a g e   d a t a  
a n d   R e e d - S o l o m o n   p a r i t y   s y m b o l s   i s  a s  d e s c r i b e d   i n   p a r a g r a p h  
A 2 . 1 2 . 2 . 5  a n d  A 2 . 1 2 . 2 . 6 .  B e c a u s e  o f  c o m p r e s s e d   l i n e   t i m i n g   d e l a y s ,  
e a c h   l i n e   o f   e a c h   i m a g e  i s  d e l a y e d   o n e   l i n e  t i m e .  

A 2 . 1 2 . 4 . 5  F i l l   D a t a .  T h i s  s e c t i o n   c o n t a i n s   f i l l   d a t a   c o m p o s e d  o f  d a t a   a l r e a d y  
p r e s e n t   i n   t h e   d a t a   b u f f e r s .  

A 2 . 1 2 . 4 . 6  D e l e t e d  

A 2 . 1 2 . 4 . 7  I m a g e   D a t a   S e c t i o n  # 2 .  T h i s  s e c t i o n   c o n t a i n s   c o m p r e s s e d   i m a g i n g .  
Each 1 1 5 . 2  k b p s   f r a m e   o f   i m a g i n g   d a t a   c o n t a i n s  2 s e t s  o f   c o m p r e s s e d  
i m a g e   d a t a  ( 2 5 9 2  b i t s )   a n d   R e e d - S o l o m o n   p a r i t y   s y m b o l s  ( 5 1 2  b i t s ) ,  
a n d   f i l l e r   d a t a  ( 9 6  b i t s ) .  E a c h   o f  t h e  s e t s  o f   c o m p r e s s e d   i m a g e   d a t a  
a n d   R e e d - S o l o m o n   p a r i t y   s y m b o l s  i s  a s   d e s c r i b e d   i n   p a r a g r a p h  
A 2 . 1 2 . 2 . 5  a n d  A 2 . 1 2 . 2 . 6 .  B e c a u s e   o f   c o m p r e s s e d   L i n e   t i m i n g   d e l a y s ,  
e a c h   l i n e   o f   e a c h   i m a g e  i s  d e l a y e d   o n e   l i n e  t i m e ,  a n d  t h e  l a s t   l i n e   o f  
e a c h   p a c k e t  i s  d e l a y e d   u n t i l  t h e  s t a r t   o f  t h e  f o l l o w i n g   p a c k e t .  

A 2 . 1 2 . 4 . 8  E x t e n d e d   E x p o s u r e   M o d e .   I n  t h e  E x t e n d e d   E x p o s u r e   M o d e ,   t w o   g r o u p s   o f  
i m a g e   d a t a   a r e   r e q u i r e d   f o r   e a c h   i m a g e .  The f i r s t   g r o u p   u i l l   c o n t a i n  
d a t a  a s  s p e c i f i e d   b e f o r e ,   b u t   t h e   f i r s t   g r o u p ' s   i m a g e   d a t a  w i l l  n o t  
b e   v a t i d  ( i . e .  i t  u i l l   c o n t a i n   f i l l   d a t a ) ,   a n d  the  i m a g e   d a t a   w i l l  
a l l  b e   p r e s e n t   i n   t h e   s e c o n d   g r o u p 1 8   i m a g e   d a t a   a r e a .  

A 2 . 1 2 . 5  S S I  4 0 3 . 2  k b o s   C o m o r e s s e d   l m a g i n n   P a c k e t .  The s c h e m a t i c  o f  t h i s  
p a c k e t   i s   s h o w n   i n   F i g u r e  A 2 . 1 2 . 8 .  One S S I  4 0 3 . 2  k b p s   c o m p r e s s e d  
i m a g i n g   p a c k e t   i s   d i v i d e d  among 7 2 8 0   4 0 3 . 2  k b p s   f r a m e s .  

T i t l e  I Image I I m a g e  I Image 
"""""""""""- 

I d l  I d 2  I # 3  
I I I 

S t a r t  I 1 1 3 2 2 8 1 6 1 1 6 4 5 6 3 2 1  
B i t  I I I 

S t o p  1 3 2 2 8 1 6 0 1 6 4 5 6 3 2 0 1 9 6 8 4 4 8 0  
I I I 

Image I Image I Image 
d4  I #5  I 1 6  

I I 

I I 
I I 

9 6 8 4 4 8 1   ) 1 2 9 1 2 6 4 1 ~ 1 6 1 4 0 8 0 1  

1 2 9 1 2 6 4 0 ~ 1 6 1 4 0 8 0 0 ) 1 9 3 6 8 9 6 0  

."""" 
Image I 

fir7 I 
I 

I 
I 

1 9 3 6 8 9 6 1  I 

2 2 5 9 7 1 2 0  I 

F i g u r e  A 2 . 1 2 . 8  S S I  4 0 3 . 2  k b p s   C o m p r e s s e d   I m a g i n g   P a c k e t  
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S e v e n   i m a g e s   a r e   i n   e a c h   p a c k e t .  T h e  r e l a t i o n s h i p   b e t w e e n  t h e  s t a r t  
of  e a c h   i m a g e ,   a n d  t h e  SCLK i s   s h o w n   i n   T a b l e  A 2 . 1 2 . 4 .  

T a b l e  A 2 . 1 2 . 4  R e l a t i o n s h i p   o f  H O D  91 t o   s t a r t   o f   I m a g e  

I m a a e   S t a r t  M O D  9 1  

Image #1 0 
Image # 2  13 
Image 1 3   2 6  
Image # 4  3 9  
Image 6 5   5 2  
Image # 6   6 5  
Image # 7  78 

The f o r m a t   o f   e a c h   i m a g e  i s  s h o u n   i n   F i g u r e  A 2 . 1 2 . 9 .  

T i t l e  

B i t s / i m a g e  

I L a s t   l i n e  I F i l l  I I m a g e   D a t a   S e c t i o n  I 
l o f   p r e v i o u s 1   D a t a  I I 
I Image  I I I 
I I I I 

-"""""""""""~""""""""""""""- 

I 3 1 0 4  I 7 4 4 9 6 0  I 2 4 8 0 0 9 6  I 
I ( l i n e  0 )  J ( [ i n e s  1 - 2 4 0 1 1  ( l i n e s  2 4 1 - 1 0 3 9 )  I 
I I I I 

e D e s c r i p t i o n  I A 2 . 1 2 . 5 . 4  I A 2 . 1 2 . 5 . 2  I A 2 . 1 2 . 5 . 4  I 
I I I I 

F i g u r e  A 2 . 1 2 . 9  S S I  4 0 3 . 2  kbps   Image   Area  

A 2 . 1 2 . 5 . 1  I n s t r u m e n t   S y n c h r o n i c i t y .   W i t h i n  t h e  S S I  4 0 3 . 2  k b p s   s t a n d a r d   i m a g i n g  
p a c k e t ,   t h e r e   u i l l   e x i s t   n o   m a j o r   s y n c h r o n i s m   r e l a t i v e   t o  t h e  S C L K .  

A 2 . 1 2 . 5 . 2  F i l l   D a t a .   T h i s   s e c t i o n   c o n t a i n s   f i l l   d a t a   c o m p o s e d   o f   d a t a   a l r e a d y  
p r e s e n t   i n   t h e   d a t a   b u f f e r s .  

A 2 . 1 2 . 5 . 3  D e l e t e d  

A 2 . 1 2 . 5 . 4  l m a s e   D a t a   S e c t i o n .   T h i s   s e c t i o n   c o n t a i n s   c o m p r e s s e d   i m a g i n g .   E a c h  
3 1 0 4  b i t s   o f   d a t a   c o n t a i n s  2 5 9 2  b i t s   o f   c o m p r e s s e d   i m a g e   d a t a   a n d  5 1 2  
b i t s   o f   R e e d - S o l o m o n   p a r i t y   s y m b o l s .   E a c h   o f   t h e  s e t s  o f   c o m p r e s s e d  
i m a g e   d a t a   a n d   R e e d - S o l o m o n   p a r i t y   s y m b o l s   i s   a s   d e s c r i b e d   i n  
p a r a g r a p h  A 2 . 1 2 . 2 . 5  a n d  A 2 . 1 2 . 2 . 6 .  B e c a u s e   o f   d e l a y s   i n   c o m p r e s s e d  
l i n e   t i m i n g ,  the  l a s t   l i n e   o f   e a c h   i m a g e   i s   d e l a y e d   u n t i l  t h e  s t a r t   o f  
t h e   f o l l o u i n g  Image A r e a .  

A 2 . 1 2 . 5 . 5  -. I n   t h e   E x t e n d e d   E x p o s u r e   M o d e ,   t u o   g r o u p s   o f  
i m a g e   d a t a   a r e   r e q u i r e d   f o r   e a c h   i m a g e .  T h e  f i r s t   g r o u p   w i l l   c o n t a i n  
d a t a  o s  s p e c i f i e d   b e f o r e ,   b u t  the  f i r s t   g r o u p ' s   i m a g e   d a t a   u i l l   n o t  
b e   v a l i d   ( i . e .  i t  u i l l   c o n t a i n   f i l l   d a t a ) ,   a n d  the  i m a g e   d a t a   w i l l  
a l l   b e   p r e s e n t   i n  the s e c o n d   @ r o u p ' s   i m a g e   d a t a   a r e a .  
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A 2 . 1 2 . 6  S S l  8 0 6 . 4  k b D s   S t a n d a r d   I m a q i n p   P a c k e t .  T h e  s c h e m a t i c  o f  t h i s  p a c k e t  
i s  s h o w n  i n   F i g u r e  A 2 . 1 2 . 1 1 .  One S S I  8 0 6 . 4  k b p s   s t a n d a r d   i m a g i n g  
p a c k e t  i s  d i v i d e d   a m o n g  7 2 8 0   8 0 6 . 4  k b p s   f r a m e s .  

T i t l e  I I m a g e  I Image I Image I Image I Image 1 Image  I Image I 
"""""""""""""""""""""""""""""-" 

I # l  I # 2  I # 3  I # 4  I # 5  I # 6  I # 7  I 
I I I I I I I I 

S t a r t  I 1 1 6 6 5 6 0 0 1  ~ 1 3 3 1 2 0 0 1 ~ 1 9 9 6 8 0 0 1 ~ 2 6 6 2 4 0 0 1 ~ 3 3 2 8 0 0 0 1 ~ 3 9 9 3 6 0 0 1 ~  
B i t  I I I I I I I I 

S t o p  ~ 6 6 5 6 0 0 0 ~ 1 3 3 1 2 0 0 0 ~ 1 9 9 6 8 0 0 0 ~ 2 6 6 2 4 0 0 0 ~ 3 3 2 8 0 0 0 0 ~ 3 9 9 3 6 0 0 0 ~ 4 6 5 9 2 0 0 0 ~  
1 I I I I I I I 

B i t  I I I I I I I I 

F i g u r e  A 2 . 1 2 . 1 1  S S I  8 0 6 . 4  k b p s   S t a n d a r d   I m a g i n g   P a c k e t  

S e v e n   i m a g e s   a r e   i n   e a c h   p a c k e t .  T h e  r e l a t i o n s h i p   b e t u e e n   t h e   s t a r t  
o f   e a c h   i m a g e ,   a n d   t h e  SCLK i s  s h o w n   i n   T a b l e  A 2 . 1 2 . 4 .  

T h e  f o r m a t   o f   e a c h   i m a g e   i s   s h o u n   i n   F i g u r e  A 2 . 1 2 . 1 2 .  

I F i l l  
""""""""""""""""""""- 

I I m a g e   D a t a   S e c t i o n  I 

I I I 
T i t l e  I D a t a  I I 

B i  t s / i m a g e  I 1 5 3 6 0 0 0  I 5 1 2 0 0 0 0  I 
I ( 1 i n e s  0 - 2 3 9 ) 1  ( l i n e s  2 4 0 - 1 0 3 9 )  I 

D e s c r i p t i o n  I A 2 . 1 2 . 6 . 2  I A 2 . 1 2 . 6 . 4  I 
I I I 

I I I 

F i g u r e  A 2 . 1 2 . 1 2  S S I  8 0 6 . 4  k b p s   I m a g e   A r e a  

A 2 . 1 2 . 6 . 1  I n s t r u m e n t   S y n c h r o n i c i t y .   U i t h i n  t h e  S S I  8 0 6 . 4  k b p s   s t a n d a r d   i m a g i n g  
p a c k e t ,   t h e r e   w i l l   e x i s t   n o   m a j o r   s y n c h r o n i s m   r e l a t i v e   t o  t h e  S C L K .  

A 2 . 1 2 . 6 . 2  F i l l   D a t a .   T h i s   s e c t i o n   c o n t a i n s   f i l l   d a t a   c o m p o s e d  o f  d a t a   a l r e a d y  
p r e s e n t   i n   t h e   d a t a   b u f f e r s .  

A 2 . 1 2 . 6 . 3  D e l e t e d  

A 2 . 1 2 . 6 . 4  I m a g e   D a t a  S e c t i o n .  T h i s  s e c t i o n   c o n t a i n s   s t a n d a r d   i m a g i n g .   E a c h  
6 4 0 0  b i t s  o f   d a t a   m a k e s   u p   o n e   l i n e   o f   a n   i m a g e .   E a c h  8 b i t s   o f  
i m a g e   d a t a  m a k e s   u p   o n e   p i x e l  o f  i m a g e   d a t a .  

A 2 . 1 2 . 6 . 5  E x t e n d e d  E X D O S U ~ ~  M o d e .   I n   t h e   E x t e n d e d   E x p o s u r e   R o d e ,   t w o   g r o u p s   o f  
i m a g e   d a t a   a r e   r e q u i r e d   f o r   e a c h   i m a g e .  The f i r s t   g r o u p   u i l l  
c o n t a i n   d a t a  a s  s p e c i f i e d   b e f o r e ,   b u t   t h e   f i r s t   g r o u p s   i m a g e   d a t a  
w i l l   n o t   b e   v a l i d   ( i . e .   i t   w i l l   c o n t a i n   f i l l   d a t a ) ,   a n d   t h e   i m a g e  
d a t a   w i l l   a l l   b e   p r e s e n t   i n  the  s e c o n d   g r o u p s   i m a g e   d a t a   a r e a .  
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A 2 . 1 2 . 7  S S I  8 0 6 . 4  k b p s   A v e r a q e d   I m a g i n g   p a c k e t .  The s c h e m a t i c  o f  t h i s  p a c k e t  
i s   s h o u n   i n   F i g u r e  A 2 . 1 2 . 1 4 .  One S S I  8 0 6 . 4  k b p s   a v e r a g e d   i m a g i n g  
p a c k e t   i s   d i v i d e d   a m o n g  7 2 8 0   8 0 6 . 4  k b p s   f r a m e s .  

T i t l e  I 2 6  A v e r a g e d   I m a g e s  i 
""""""""~""""""""""- 

I 1 
D a t a   O f f s e t  I 

B i   t s / p a c k e t  I 
I 

0 

4 6 5 9 2 0 0 0  
I """"""""""""""""""" I 

F i g u r e  A 2 . 1 2 . 1 4  S S I  8 0 6 . 4  k b p s   A v e r a g e d   I m a g i n g   P a c k e t  

T w e n t y   s i x   i m a g e s   a r e   i n   e a c h   p a c k e t .  The r e l a t i o n s h i p   b e t u e e n  t h e  
s t a r t  o f  e a c h   i m a g e ,   a n d  t h e  S C L K  i s   s h o u n   i n   T a b l e  A 2 . 1 2 . 6 .  

T a b l e  A 2 . 1 2 . 6 .  S C L K  

I m a g e   S t a r t  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
15 
1 6  
1 7  
1 8  
1 9  
2 0  
21 
2 2  
2 3  
2 4  
2 5  
2 6  

v s .   I m a g e   S t a r t  

MOD91 

0 
4 
7 
1 1  
1 4  
1 8  
21 
2 5  
2 8  
3 2  
3 5  
3 9  
4 2  
4 6  
4 9  
5 3  
5 6  
6 0  
63  
6 7  
7 0  
7 4  
7 7  
81 
8 4  
8 8  

T h e   f o r m a t   o f   e a c h  odd i m a g e   i s   s h o w n   i n   F i g u r e  A 2 . 1 2 . 1 5 ,  a n d  t h e  
f o r m a t   o f   e a c h   e v e n   i m a g e  i s  s h o w n   i n  F i g u r e  A 2 . 1 2 . 1 6 .  
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""""""""""""""""""""""-"--- 
I F i l l  1 '  I m a g e   D a t a   S e c t i o n  I 

I I I I 

I I I I 

F i  1 1  I 
T i t l e  I D a t a  I I D a t a  I 

B i t s / i m a g e  I 5 1 2 0 0 0  I 1 2 8 0 0 0 0  I 2 5 6 0 0 0  I 
! ( l i n e s   0 - 1 5 9 ) l   ( l i n e s   1 6 0 - 5 5 9 )   I ( 1 i n e s   5 6 0 - 6 3 9 1 1  

D e s c r i p t i o n 1   A 2 . 1 2 . 7 . 2  I A 2 . 1 2 . 7 . 4  I A 2 . 1 2 . 7 . 2  I 
I I I I 

F i g u r e   A 2 . 1 2 . 1 5  S S I  8 0 6 . 4   k b p s   A v e r a g e d   I m a g e   A r e a   ( o d d   i m a g e )  

I 
""""""""_"""""""""""" 

F i l l  I I m a g e   D a t a   S e c t i o n  I 
T i t l e  I D a t a  I I 

B i  t s / i m a g e  I 2 5 6 0 0 0  I 1 2 8 0 0 0 0  I 
( ( l i n e s   0 - 7 9 )  I ( l i n e s   8 0 - 4 7 9 )  I 

D e s c r i p t i o n  I A 2 . 1 2 . 7 . 2  I A 2 . 1 2 . 7 . 4  I 

I I I 

I I I 

I I I 

F i g u r e   A 2 . 1 2 . 1 6  S S I  8 0 6 . 4   k b p s   A v e r a g e d   I m a g e   A r e a   ( e v e n   i m a g e )  

A 2 . 1 2 . 7 . 1   I n s t r u m e n t   S y n c h r o n i c i t y .   U i t h i n  the  S S I  8 0 6 . 4   k b p s   a v e r a g e d   i m a g i n g  
p a c k e t ,   t h e r e   w i l l   e x i s t   n o   m a j o r   s y n c h r o n i s m   r e l a t i v e   t o  t h e  S C L K .  

A 2 . 1 2 . 7 . 2   F i l l   D a t a .  T h i s  s e c t i o n   c o n t a i n s   f i l l   d a t a   c o m p o s e d   o f   d a t a   a l r e a d y  
p r e s e n t   i n  t h e  d a t a   b u f f e r s .  

A 2 . 1 2 . 7 . 3   D e l e t e d  

A 2 . 1 2 . 7 . 4   I m a q e   D a t a   S e c t i o n .  T h i s  s e c t i o n   c o n t a i n s   s t a n d a r d   i m a g i n g .   E a c h  
3 2 0 0   b i t s   o f   d a t a   m a k e s   u p   o n e   l i n e   o f   a n   i m a g e .   E a c h  8 b i t s   o f  
i m a g e   d a t a   m a k e s   u p   o n e   p i x e l   o f   i m a g e   d a t a .  

A 2 . 1 2 . 7 . 5   E x t e n d e d   E x ~ o s u r e   M o d e .   I n   t h e   E x t e n d e d   E x p o s u r e   M o d e ,   t w o   g r o u p s   o f  . 
i m a g e   d a t a   a r e   r e q u i r e d   f o r   e a c h   i m a g e .  The f i r s t   g r o u p   w i l l  
c o n t a i n   d a t a   a s   s p e c i f i e d   b e f o r e ,   b u t  the  f i r s t   g r o u p s   i m a g e   d a t a  
w i l l   n o t   b e   v a l i d  ( i . e .  i t  w i l l   c o n t a i n   f i l l   d a t a ) ,   a n d   t h e   i m a g e  
d a t a   w i l l   a l l   b e   p r e s e n t   i n   t h e   s e c o n d   g r o u p s   i m a g e   d a t a   a r e a .  
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A 2 . 1 3  U L T R A V I O L E T  SPECTROMETER SUBSYSTEM T E L E M E T R Y  

These p a r a g r a p h s   d e s c r i b e  t h e  f o r m a t   a n d   c o n t e n t   o f  t h e  UVS o u t p u t .  

A 2 . 1 3 . 1  UVS P a c k e t .  T h e  s c h e m a t i c   o f   t h e  UVS p a c k e t   i s   s h o w n   i n   F i g u r e  
A 2 . 1 3 . 1 .   6 . 5  LRS f r a m e s  a r e  r e q u i r e d   t o   t r a n s p o r t  1 UVS p a c k e t  
( s c a n ) .  

-""""""""""""""""""""~""""- 
I I D i g i t a l  I I I 

I I I I I 

I I I I I 

I I I I I 

T i t l e  I S y n c   C o d e  I S t a t u s  I A n a l o g   E n g .  I UVS S c i .   D a t a  I 

D a t a   o f f s e t  I 0 I 5 6  I 8 0  I 1 4 4  I 

B i t s / p a c k e t  I 5 6  I 24 I 6 4  I 4 2 2 4  I 

D e s c r i p t i o n  I A 2 . 1 3 . 3  I A 2 . 1 3 . 4  I A 2 . 1 3 . 5  I A 2 . 1 3 . 6  I 
I """""_ I """"_ I """"""_ I """""""- I 

F i g u r e  A 2 . 1 3 . 1 .  UVS P a c k e t   ( s c a n )  

A 2 . 1 3 . 2  I n s t r u m e n t   S v n c h r o n i c i t y .  T h e r e  a r e  1 4  U V S  p a c k e t s   ( s c a n s )   p e r  R I M .  
T h e  f i r s t  LRS f r a m e   o f   e a c h  R I M  i s   a l l   z e r o ' s .  The f i r s t  UVS d a t a  
s c a n   t h e n   s t a r t s   i n  t h e  s e c o n d  LRS f rame ,  a n d  t h e  1 4 t h  UVS d a t a   s c a n  
i s   t r u n c a t e d   b y   o n e  LRS f r a m e .   T h e   r e l a t i o n s h i p   b e t u e e n ' t h e   s t a r t   o f  
t h e  UVS p a c k e t   a n d  t h e  S y n c h r o n i z a t i o n   I n d e x   a n d  SCLK i s   s h o w n  i n  
T a b l e  A 2 . 1 3 . 1 .  T h e  l e n g t h   o f  t h e  s c a n  ( 4 - 1 / 3  s e c )   i s   c h o s e n   t o  
c o i n c i d e   w i t h  t h e  NlMS s c a n .  

T a b l e  A 2 . 1 3 . 1  UVS p a c k e t   s t a r t  v s .  SCLK 

B i t  1 o f  UVS p a c k e t   w i t h i n   p a c k e t   p o s i t i o n   i n  LRS f r a m e  

- S I  M O D  91 Byte 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
1 2  
1 3  
1 4  

1 
7 

14 
2 0  
2 7  
3 3  
4 0  
4 6  
5 3  
5 9  
6 6  
7 2  
7 9  
85 

1 
4 3  

1 
4 3  

1 
4 3  

1 
4 3  

1 
4 3  

1 
4 3  

1 
4 3  

A 2 . 1 3 . 3  S y n c   C o d e .  T h e  c o n t e n t s   o f  t h e  s y n c   c o d e   s e c t i o n   a r e  7 b y t e s   o f   s y n c  
w o r d s .   E a c h   b y t e  i s  a 1 1 1 1  1 1 1 1 .  

a A 2 . 1 3 . 4  D i ~ i t a l   S t a t u s .   T h e   c o n t e n t s  of  t h e   d i g i t a l   s t a t u s   s e c t i o n   a r e  
shown i n  T a b l e  A 2 . 1 3 . 2 .  
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T a b l e   A 2 . 1 3 . 2  U V S  D i g i t a l   S t a t u s  ( U S B  i s  b i t  1 1  

E i t ( s )  M e a s u r e m e n t  C o n t e n t s  

""""_ I l - 8 1 S t a r t i n g   n a v e l e n g t h  I n e v e l e n g t h   0 - 2 5 5  
"""""""""""""-"""""""""" 

I 
"""I """ l"-l""""""""""- I """"""_ - """_ I 

L L 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  U V S  B y t e   # 8  

"""""""""""""""""""~"""""- 
"""""""" I 1 I F - d e t e c t o r   s t a t u s  10 = o f f  I 

I l"-l"""" - """""" IL L on """"""""- I 
I - - - - - - - - - - - - - - I 2 I N - d e t e c t o r   s t a t u s  10 = o f f  I 
I I  I",I """"" """""_ IL I on """ - """"" I 
I I """""-,I 3 I ~ - d e t e c t o r   s t a t u s  10 = o f f  I 
I l l  l"-l""""""""""_ 
I I I "- """_ I 4 I F - d e t e c t o r   h i g h  
I I I I  I " - l v o l t a g e   S t a t u s  """ 

I I I I """" I 5 I N - d e t e c t o r  h i g h  
I I I I I  I " - l v o l t a q e   s t a t u s  """ 

I I I I I """ I 6 I G - d e t e c t o r   h i g h  
I I I I I I  I " - l v o l t a q e   S t a t u s  """ 

I I I I I I I  I I  
I I I I I I I  I I  
I I I I I I I  
L L L L L L L  

l"-l""""""""""_ 

I I I I I I _ " - 1 7 - 8 l I n t e g r a t i o n   t i m e  

~ 1 1 2 1 3 1 4 1 5 ~ 6 1 7 ~ 8 ~  U V S  B y t e  # 9  

L i on """""_ """I 
I 

1 L o f f  """""""" I 
I 

1 = o f f  """"""""I 
I 

1 L o f f  """""- - "" I 

0 = o n  

0 = o n  

0 = o n  

001. s h o r t   ( a p p r o x .  2 ms)l 
0 1 =   l o n g   ( a p p r o x .  6 ms) I 
1 0 =   s h o r t   ( a p p r o x .  1 ms)l 
1 1 =  Loris J a D D r o x .  & m s ) I  - 

........................... 

""""""""I 1 I Y a v e l e n g t h   s c a n  10 = s c a n   g r a t i n g  I 
I l"-l""""""""""- I 1  z fix g r a t i n a  """"""I 
I """"""" 

I I   I I  
I I  I I  l O l =  s e c o n d   p o s i t i o n  I 
I I  I I  I m o n i t o r e d  I 
I I  I I  
I I   I I  I l l =   f o u r t h   p o s i t i o n  I 
I I  I"-l""""_"""""" I "" m o n i   t o r e d  """""""I 
I I """""" I 4 I G r a t i n g  10 = m o t o r   c o n t r o l   g r a t i n g   # 1 1  
I l l  1 - - - 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I 1  E r n ~ t o r  c o n t r o l   g r a t i n %  
I I I """"" 1 5 I M i c r 0 - P   c o n t r o l  10 = ( c o l d   s t a r t )  U V S  n o t  I 
I I I I  I I  
I I I I  I I  I c o n t r o l  I 
I I I I  I I  1 1  = U V S  u n d e r   m i c r o -  I 
I I I I  I"-I """"""""""_ I "" p r o c e s s o r   c o n t r o l  """I 
I I I I """" I 6 ( D e t e c t o r s   h i g h   v o l -  ( 0  = H V  o n   f o r   s e l e c t e d  I 
I I I I I  I I t a g e   s t a t e  I c h a n n e l  I 
I I l l l  I I  1 1  = H V  o f f   f o r  e11 c h e n ' n e l s  I 
I I I I I  l"-l""- """"" """ I""" """"""""""" I 
1 1 I I 1 """I 7 l s t i m  t e m p   s t a t u s  10 = o f f  I 
I I I I I I  I",I """"_ - """""_ I 1  5 on """"""""""_ I 

I I I I I I I  l " - l s e n s o r   s t a t u s  """,I1 I o v e r r i d e  =""""""I 
L L L L L L L L  

1 2 - 3 l U a v e l e n g t h   m o n i t o r e d  1001 f i r s t   p o s i t i o n   m o n i t o r e d ]  
I ( o r   s c a n n i n g   i f   m o d e . 0 )  I 

1 1 0 -   t h i r d   p o s i t i o n   m o n i t o r e d !  

I u n d e r   m i c r o p r o c e s s o r  I 

I I I 1 I I "-,I 8 l l i m b   o v e r r i d e /  10 = o v e r r i d e   o f f  I 

1 1 1 2 1 3 1 4 1 5 ! 6 1 7 1 8 1  UVS B y t e  # l o  
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a A 2 . 1 3 . 5   A n a l o g   E n g i n e e r i n g   S t a t u s .  T h e  c o n t e n t s   o f   t h e   . a n a l o g   e n g i n e e r i n g  
s t a t u s   s e c t i o n   a r e   s h o u n   i n   T a b l e   A 2 . 1 3 . 3  

T a b l e   A 2 . 1 3 . 3  UVS A n a l o g   E n g i n e e r i n g   S t a t u s  

M e a s u r e m e n t  

1 1  
1 2  
1 3  
1 4  
1 5  
16 
1 7  
18 

Lou v o l t a g e  + 1 0  v .  
l o w   v o l t a g e  + 5  v .  
h i g h   v o l t a g e  F 
h i g h   v o l t a g e  N 
h i g h   v o l t a g e  C 
l o g i c   t e m p e r a t u r e  
d e t e c t o r   t e m p e r a t u r e  
l i m b   s e n s o r  

A 2 . 1 3 . 6   S c i e n c e  Data. The N a n d  G c h a n n e l s   c o n s i s t  o f  8 b i t   l i n e a r   c o u n t  
d a t a .  The F c h a n n e l   i s  a 1 5   b i t   d a t a   u o r d   l o g   c o m p r e s s e d   t o  8 b i t  
c o u n t   d a t a .  T h e  a l g o r i t h m s   f o r  t h e  d a t a   c o m p r e s s i o n   a n d  
r e c o n s t r u c t i o n   a r e   s h o w   i n   F i g u r e   A 2 . 1 3 . 2 .  T h e  s c i e n c e   d a t a   f o r   o n e  
UVS p a c k e t   ( s c a n )   c o n s i s t s   o f   5 2 8  ( 8  b i t )   b y t e s   r e a d   c o n s e c u t i v e l y ,  
b e g i n n i n g  w i t h  b y t e  19 b i t  1 o f  the  p a c k e t   ( s c a n ) .   E a c h   4 - 1 / 3   s e c .  
p a c k e t   ( s c a n )   c o n t a i n s   d a t a   f r o m   o n e   s e n s o r   o n l y  ( N ,  G ,  o r  F ) .  The 
e n g i n e e r i n g   p a r a m e t e r ,   T a b l e   A 2 . 1 3 . 2   b y t e  9 ,  b i t s   1 - 3 ,   a t  t h e  
b e g i n n i n g   o f   e a c h   p a c k e t   ( s c a n )   t e l l s   w h i c h   s e n s o r   i s   a c t i v e   d u r i n g  
t h a t   s c a n .  

C o m D r e s s i o n  

MSB N LSB MSB x c LSB 

I 1  1 5  I I 1  4 1 5  81  """"-> 

B i n a r y   i n p u t   w o r d  U V S  d a t a   u o r d  
N = O  t o  3 2 , 7 6 7   X = 4   b i t   p o w e r  o f  2 e x p o n e n t  

C=4 b i t   f r a c t i o n  ( 1  b i t   h i d d e n )  

A l g o r i t h m :   f o r  N = O  x = c = o  
f o r  N > O  X = I n t e g e r   [ l o g  ( N ) + 1 1  

2 
( 5 - x )  4 

C = l n t e g e r   t ( N ) ( 2 )   - 2  1 

D e C O m D r e s s i o n  

X C N 
1 1  4 1 5  81 I 1  1 5  I """- > 

U V S  d a t a   w o r d   B i n a r y   i n p u t   u o r d  
4 ( X - 5 )  ( X - 6 )  

A l o r i t h m :   N = I n t e g e r   t ( C + 2 ) ( 2 )   + ( 2 )  1 

F i g u r e  A 2 . 1 3 . 2  
uvs c o m p r e s s i o n / d c c o m p r e s s i o n  P r o c e s s  
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A 2 . 1 3 . 7   T e l e m e t r y  Wade C h a n g e s .   U p o n   a p p l i c a t i o n   o f   s y s t e m   p o w e r ,  U V S  s h a l l  
a u t o m a t i c a l l y   c o n f i g u r e   i t s e l f   t o   a n   o p e r a t i o n a l   m o d e   i d e n t i c a l   t o  
p a r a g r a p h   A 2 . 1 3 . 1 .  A l l  d a t a   s h a l l   b e   v a l i d ,   b u t   n o t   s y c h r o n i z e d   t o  
R T I  o r  R I M .  T h e  4 - 1 / 3   s e c .   p a c k e t   ( s c a n )   c a n   s t a r t   a t   a n y   b y t e  
b o u n d a r y   u i t h i n   a n y  LRS M O D  9 1   c o u n t ,   t h e r e f o r e   t a b l e   A 2 . 1 3 . 1   d o e s  
n o t   a p p l y   d u r i n g  P O R  ( p o w e r  o n  r e s e t ) .  

Commanded t e l e m e t r y  m o d e   c h a n g e s   a r e   p r o c e s s e d   e v e r y  R I M .  Mode 
c h a n g e s   d a t a   u p d a t e   s h a l l   o c c u r   o n e  LRS f r a m e   a f t e r  t h e  s t a r t .   o f  a 
R I M .  
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T a b l e   A 2 . 1 4 . 2  R R H  r e c e i v e r  d a t a  
B i t t s )   M e a s u r e m e n t  C o n t e n t s  

"""""""""- I 1 I R R H  I . D .  ( O n r e c e i v e r  2 I 

1 2 - 4 1 s ~ a r e  I I 

........................ 

I I I I l = r e c e i v e r  1 I 
I 
I I  """" 1 5 - 8 l b l o c k   c o u n t  lMod 1 0   c o u n t   ( d e t e r m i n e s 1  

I I  I I I  ( s u b c o m   p o s i t i o n ;   n o t e  I 
I I  I I I  l t h a t  t h i s  Mod 1 0   c o u n t  . I  
I I  I I I  l i s  d i f f e r e n t   f r o m  the  I 
I I  I I I  l o r b i t e r  SCLK MOD10 I 
I - 1 -  "I" I I c o u n t )  I - 

"""""""- 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  R R H  R e c e i v e r   D a t a   B y t e s   2 ,   2 9  """""""""_ ........................ 

I 1 I s D a r e  I I 
I 2 I b i - p h a s e   l o c k   J O = o u t   o f   l o c k  I I """"""""- 

I I  I l a m b i g u i t y   r e s o l v e r   l l = i n   l o c k  I 
I I  I l s t a t u s  I I I I "-"""""" I 3 l f r e q u e n c y   l o c k   l O = o u t   o f   l o c k  I 
I l l  I l s t a t u s   I l = i n   l o c k  I I I I """"""_ I 4 l p h a s e   l o c k   l o o p   I O = o u t   o f   l o c k  I 
I I I I  I l s t a t u s   I l = i n   l o c k  I I I I I """""_ I 5 l t h r e s h o l d  C / N  1 0 1 2 3   d b - H z  I 
I I I I I  I I 11 .25   db-Hz  I I I I I I "-""" I 6 l s t a n d b y   m o d e   s t a t u s l O = n o t   i n   s t a n d b y  I 
I I I I I I  I I l l = i n   s t a n d b y  I 
I I I I I I - - - - - - -  I 7 I n a r r o w b a n d   m o d e   l O = n o t   i n   n a r r o w b a n d  I 
I I I I I I I  I l s t a t u s  1 1  = i n   n a r r o w b a n d  I 
I I I I I I I - - - - -  I 8 l w i d e b a n d   m o d e   l O = n o t   i n   w i d e b a n d  I 
I I I I I I I I  I l s t a t u s   I l = i n   w i d e b a n d  I w 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  R R H  R e c e i v e r   D a t a   B y t e s  3 ,  3 0  

"""""" 

........................ 

I l - 8 ( l e a s t   s i g n i f i c a n t  18 L S B ' s  o f  9 b i t   w o r d  I 
I I l b i t s   o f   s i g n a l  I I 
I I l a m p l i t u d e  ( 1 s t  I I 

"""I """ I I s a m D l e )  I I u 
1 1 ! 2 ! 3 1 4 1 5 ! 6 1 7 1 8 (  R R H  R e c e i v e r   D a t a   B y t e s  4 ,  3 1  

........................ 

"""""" I l - 8 ( l e a s t   s i g n i f i c a n t  18 L S B ' s  o f  9 b i t  word I 
I I J b i t s  o f  s i g n a l  I I 
I I l a m p l i t u d e   ( 2 n d  I I 

"""I""" I I s a m D t e )  I I u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  R R H  R e c e i v e r   D a t a   B y t e s  5 ,  3 2  
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T a b l e   A 2 . 1 4 . 2  R R H  r e c e i v e r   d a t a  

B i t ( s )  M e a s u r e m e n t   C o n t e n t s  

"""""" I l - 8 ( l e a s t   s i g n i f i c a n t  
........................ 

18 L S B ' s  o f  9 b i t  word1 
I I ! b i t s   o f   s i g n a l  I I 
I I ( a m p l i t u d e   ( 3 r d  I I 
I I I s a m p l e  - o r   r e p e a t   o f 1  I 
I I ( 2 n d   s a m p l e   i f   3 r d  I , I  
I I I s a m p l e   n o t   r e a d y .  I I 
I I ( A v a i l a b i l i t y   d e p e n d s  I I 
I I I o n   a s y n c h r o n o n o u s  I I 
I I l t i m i n g   b e t w e e n  R R H  1 I 
I I l o p e r a t i n g   a t   p r o b e  I I 
I I l d a t a   r a t e ,   a n d  CDS I I 

"""I """ I l c o l t e c t i o n   i n t e r v a l . ) l  I - 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  R R H  R e c e i v e r   D a t a   B y t e s   6 ,   3 3  

"""""" 

""~"""""""""""""""""""""- 
I l - B I R R H   s u b c o m m e d   d a t a   a s l d e t e r m i n e d   b y  M O D  1 0  I 

I I l s h o w n   i n   T a b l e s   l c o u n t   i n   B y t e s  2 ,  2 9 ;  I 
I I 1 A 2 . 1 4 . 3   t h r o u g h  I B i t s  5 - 8  I 

"""I """ I l A 2 . 1 4 . 7  I I u 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  R R H  R e c e i v e r   D a t a   B y t e s   7 ,   3 4  

"""""" I l - 8 1 R R H   s u b c o m m e d   d a t a   a s l d e t e r m i n e d   b y  M O D  1 0  I 
I I ( s h o w n   i n   T a b l e s   ( c o u n t   i n   B y t e s   2 ,   2 9 ;  I 
I I l A 2 . 1 4 . 3   t h r o u g h  I B i t s  5 - 8  I 

........................ 

"""I """ I 1 4 2 . 1 4 . 7  I I - 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  R R H  R e c e i v e r   D a t a   B y t e s  8 ,  3 5  

"""""" I l - I I R R H   s u b c o m m e d   d a t a   a s l d e t e r m i n e d   b y  M O D  1 0  I 
I I ) s h o w n   i n   T a b l e s   l c o u n t   i n   B y t e s   2 ,   2 9 ;  I 
I I ( A 2 . 1 4 . 3   t h r o u g h  IB i t s  5 - 8  I 

"""""~"""""""""""""""""-" 

I l A 2 . 1 4 . 7  I I 
w """ I """ 

( l ( t ( 3 1 4 1 5 1 6 1 7 1 8 1  R R H  R e c e i v e r   D a t a   B y t e s  9 ,  3 6  

A 2 . 1 4 . 4 . 1  R R H  r e c e i v e r   s u b c o m m e d   d a t a .   T h e   c o n t e n t s   o f  t h e  subcommed R R H  
r e c e i v e r   d a t a   v a r y .   w i t h  Mod 1 0  c o u n t   s e e n   i n   B y t e   2 ,  2 9 ;  Bits 5 - 8 .  
Mod 1 0   c o u n t  = 0 i s   d e s c r i b e d   i n   T a b l e   A 2 . 1 4 . 3 .  Mod 1 0   c o u n t  = 2 i s  
d e s c r i b e d   i n   T a b l e   A 2 . 1 4 . 4 .  Mod 1 0   c o u n t  = 4 i s  d e s c r i b e d   i n   T a b l e  
A 2 . 1 4 . 5 .  Mod 1 0   c o u n t  = 6 i s   d e s c r i b e d   i n   T a b l e   A 2 . 1 4 . 6 .  Mod 1 0  
c o u n t  = 8 i s  d e s c r i b e d   i n   T a b l e   A 2 . 1 4 . 7 .  
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T a b l e   A 2 . 1 4 . 3  Mod 1 0  c o u n t  = 0 S u b c o m m e d   d a t a  

B i t < s )   M e a s u r e m e n t   C o n t e n t s  

"""""" 

......................... 

I - I l - 8 ( s i g n a l   f r e q u e n c y   M o s t 1 8  MSBOs o f   p r o b e   s i g n a l  I 
I I S i g n i f i c a n t   B i t s   l f r e q u e n c y  ( 2 4  b i t s  I 

"""I """ I I I t o t a t )  I 
1 1 ! 2 ! 3 1 4 ! 5 1 6 1 7 1 8 1  R R H  R e c e i v e r   S u b c o m m e d   D a t a   B y t e s   7 ,   3 4  

"""""" 

,""""""""""""""""""""""""" 

I l - 8 l s i g n a l   f r e q u e n c y   M o s t 1 8  L S B l s  o f   p r o b e   s i g n a l  I 
I I I I n t e r m e d i a t e  l f r e q u e n c y  ( 2 4   b i t s  I 

" "" I """ I ( S i g n i f i c a n t  Bits I t o t a l )  I - 
~ 1 ! 2 1 3 ! 4 ! 5 1 6 1 7 1 8 ~  R R H  R e c e i v e r   S u b c o m m e d   D a t a   B y t e s  8 ,  3 5  

"""""" 

......................... 

I l - 8 l s i g n a l   f r e q u e n c y  18 L S B I s   o f   p r o b e   s i g n a l  I 
I I L e a s t   S i g n i f i c a n t   l f r e q u e n c y   ( 2 4   b i t s  I - I 

"""I """ I i s i t s  I t o t a t  1 I 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  R R H  R e c e i v e r   S u b c o m m e d   D a t a   B y t e s  9 ,  3 6  

T a b l e   A 2 . 1 4 . 4  Mod 1 0   c o u n t  = 2 S u b c o m m e d   d a t a  

B i t ( s )  H e a s u r e m e n t   C o n t e n t s  

"""""" 

......................... 

I l - 8 l s i g n a l   a m p l i t u d e   M o s t 1 8  MSB's  o f   p r o b e   s i g n a l  I - """I """ I I S i s n i f i c a n t  Bi ts  I a m D l i t u d e  ( 9  b i t s   t o t a l 1 1  

1 1 1 2 1 3 ! 4 1 5 1 6 1 7 ! 8 1  R R H  R e c e i v e r   S u b c o m m e d   D a t a   B y t e s  7 ,  3 4  

"""""" 

......................... 

I - 1 1 - b l r e a t - t i m e   i m a g e   c o u n t 1 8  L S B I S  o f  S C L K  R I M  
I I L e a s t   S i g n i f i c a n t  I 

I 

I 
I 

"""I""" I I s i t s  I 

1 1 ! 2 1 3 1 4 ! 5 1 6 ! 7 ! 8 1  R R H  R e c e i v e r   S u b c o m m e d   D a t a   B y t e s  8 ,  3 5  

"""""" 

......................... 

I1-8lMOD 91 c o u n t  18 b i t s  of S C L K  H O D  91 I 
"""I """ 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  R R H  R e c e i v e r   S u b c o n m e d   D a t a   B y t e s  9 ,  36 
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T a b l e   A 2 . 1 4 . 5  Mod 1 0   c o u n t  = 4 Subcommed d a t a  

B i t ( s )  M e a s u r e m e n t   C o n t e n t s  

"""""" 

......................... 

I l - 8 l c o m m a n d e d   f r e q u e n c y   I f r e q u e n c y  = I 
I 1 I I ( 0 . 3 7 1 1   D N - 1 5 )  KHz I 

"""I """ - 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  R R H  R e c e i v e r   S u b c o m m e d   D a t a   B y t e s   7 ,   3 4  

""""""""""""""""""""""""- 
I 

""""""_ I l - 8 l c o m m a n d e d   f r e q u e n c y   l f r e q u e n c y   r a t e  = 0 f o r  I 

I I I  l f r e q u e n c y   r a t e  = I 
I I I  I 0 . 1 8 1 2  D N  H z / s e c .   f o r  I 
I I 1  I D N  5 - 4 4  ( D N  i s  i n  Zlsl  

"""I """ I I c o m D t e m e n t   f o r m )  I 

I I r a t e  I D N  > - 4 4 ,   o r  I - 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  R R H  R e c e i v e r   S u b c o m m e d   D a t a   B y t e s  8 ,  3 5  """""""_""""""""""""""""" """"""_ ( 1 - a l s o a r e  I I 

u """I """ 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 )  R R H  R e c e i v e r   S u b c o m m e d   D a t a   B y t e s  9 ,  3 6  

T a b l e   A 2 . 1 4 . 6  Mod 1 0   c o u n t  = 6 Subcommed d a t a  

B i t ( s )  M e a s u r e m e n t   C o n t e n t s  
"""""""_"""""""""""""""""- 

"""""" I l - 8 l a v e r a g e   p h a s e   e r r o r  l p h a s e   e r r o r   a v e r a g e d  I 
"""I """ I I l o v e r   1 2 8   s y m b o l s  I - 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  R R H  R e c e i v e r   S u b c o m m e d   D a t a   B y t e s   7 ,   3 4  

"""""" 

......................... 

I 1 - 8 l R M S   p h a s e   e r r o r   l a b s o l u t e   v a l u e   o f   p h a s e  I 

I svmbo I s I 
I I 1  l e r r o r   a v e r a g e d   o v e r   1 2 8  I 

"""I """ I I w 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 (  R R H  R e c e i v e r   S u b c o m m c d   D a t a   B y t e s  8 ,  3 5  

"""""" 

......................... 

( 1 - 8 ) n o i s e   l e v e l   l n o i s e   p o w e r   l e v e l  I 
I I 1  l m e a s u r e d   a t   t h e   o u t p u t  I 
I I I  l o f   o n e   o f  t h e  b a s e b a n d  I 

"""I """ I I S 1 2  Hz d i g i t a l   f i l t e r s  I 
w 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  R R H  R e c e i v e r  S u b c o m m e d   D a t a   B y t e s  9 ,  3 6  
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GLL-3-280 Rev. D 

T a b l e   A 2 . 1 4 . 7  Mod 1 0   c o u n t  8 8 Subcommed d a t e  

B i t ( s )   M e a s u r e m e n t   C o n t e n t s  

"""""" 

......................... 

I l - 8 ( c o m m a n d   e r r o r   c o u n t  I n O D  2 5 6   c o u n t   o f  I 
-""-I """ I I l r e i e c t e d  commands I u 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  R R H  R e c e i v e r   S u b c o n m e d   D a t a   B y t e s   7 ,   3 4  
""""""""""""""""""""""""- """"""_ I l - 8 1 s p a r e  I I 

"""I """ - 
1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  R R H  R e c e i v e r  Subconrned   Data   Bytes   8 ,   35  

""""""- I l - 8 l s ~ e r e  I 
""""""""""""""-"""""""""" 

I 
"""I """ - 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1  R R H  R e c e i v e r   S u b c o n m e d   D a t a   B y t e s  9 ,  3 6  

A 2 . 1 4 . 5   P r o b e   d a t a .  The c o n t e n t s   o f  t h e  p r o b e   d a t a   s e c t i o n  i s  s h o w n   i n   T a b l e  
A 2 . 1 4 . 8  

T a b l e   A 2 . 1 4 . 8   P r o b e   d a t a  

B i t ( s )  M e a s u r e m e n t   C o n t e n t s  
......................... """"""""_" I 1 l f i r s t   p r o b e   s y m b o l  I 0 I 

I I l s t a r t  I I 
I """""""_ 1 2 - 4 l f i r s t   p r o b e   s y m b o l  13 b i t s   r e p r e s e n t i n g  t h e  I 
I I  I I l f i r s t   p r o b e   s y m b o l  I 
I I  """""_ I 5 l 2 n d   p r o b e   s y m b o l  . I 0 I 
I l l  I I s t a r t  I 1 
I l l  """_ 1 6 - 8 1 2 n d   p r o b e   s y m b o l  I O  I 
I - 1 -  I - 1 -  I I 12nd   probe   symbol  I 
1 1 -  1 1 1  I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1   P r o b e   D a t a   B y t e s   1 0 ,   3 7  
......................... """""""""- I 1 13rd   probe   symbol  I O  I 

I I l s t a r t  I 
I 
I I  

"""""""_ 1 2 - 4 1 3 r d   p r o b e   s y m b o l   1 3   b i t s   r e p r e s e n t i n g  t h e  I 
I I t f i r s t   p r o b e   s y m b o l  I 

I I  """""_ I 5 1 4 t h   p r o b e   s y m b o l  I o  I 
I l l  I l s t a r t  I I 
I l l  """- 1 6 - 8 1 4 t h   p r o b e   s y m b o l  I O  I 
I - 1 -  I - 1 -  I I l 2 n d   p r o b e   s y m b o l  I u 

1 1 1 2 1 3 ) 4 ! 5 1 6 1 7 1 8 1   P r o b e   D a t a   B y t e s  1 1 ,  3 8  

And s o  on u n t i l   B y t e s   2 6 ,   5 3  
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I 1 1 3 3 r d   p r o b e   s y m b o l  I 0 I 

I I l s t a r t  I I 
I """""""_ 1 2 - 4 1 3 3 r d   p r o b e   s y m b o l   1 3   b i t s   r e p r e s e n t i n g  t h e )  

I I  I I 1 3 3 r d   o r o b e   s y m b o l  I 
I I  
I l l  I l s t a r t  I I 
I l l  """_ 1 6 - 8 1 3 4 t h   p r o b e   s y m b o l   1 3   b i t s   r e p r e s e n t i n g  the1 

I - 1 -  I - 1 -  I I ( 3 4 t h   D r o b e   s v m b o l  I u 

"""""_ I 5 1 3 4 t h   p r o b e   s y m b o l  I 0 I 

1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1   P r o b e   D a t a   B y t e s   2 6 ,   5 3  

A 2 . 1 4 . 6   P r o b e   d a t a   e n d .  The c o n t e n t s  o f  t h e   p r o b e   d a t a   e n d   s e c t i o n  may b e  
e i t h e r   a n   a d d i t i o n a l   p r o b e   s y m b o l   a n d   a n   e n d   u o r d ,   o r   m e r e l y   a n   e n d  
w o r d .  I f  b y t e   2 7 . 5 4 ;   b i t  1 i s  0 ,  t h e   d a t a  i s  s h o u n   i n   T a b l e   A 2 . 1 4 . 9 .  
I f  b y t e   2 7 , 5 4 ;   b i t  1 i s  1 ,  t h e  d a t a  i s  s h o u n   i n   T a b l e   A 2 . 1 4 . 1 0 .  

T a b l e   A 2 . 1 4 . 9   P r o b e   d a t a   e n d  ( f o r  b y t e   2 7 , 5 4 ;   b i t  1 = 0 )  
B i t ( s )   M e a s u r e m e n t   C o n t e n t s  

""""""""""""""""""""-------- """""_"""" I 1 1 3 5 r d   p r o b e   s y m b o l  I 0 

I I l s t a r t  I I I """_"""" 
I I 1 3 3 r d   o r o b e   s y m b o l  I 

"""" 1 5 - 8 l e n d  o f  p r o b e   d a t a  I 1 1 1 1  I 
I - 1 -  "I" I i s y m b o l s  I I u 

I 

0 1 ;  1 2 - 4 1 3 5 r d   p r o b e   s y m b o l   1 3   b i t s   r e p r e s e n t i n g   t h e 1  

( 1 ( 2 1 3 1 4 ( 5 1 6 1 7 ( 8 1   P r o b e   D a t a  End B y t e s   2 7 ,  5 4  

T a b l e   A 2 . 1 4 . 1 0   P r o b e   d a t a   e n d   ( f o r   b y t e   2 7 , 5 4 ;   b i t  1 = 1 )  

B i t ( s 1   M e a s u r e m e n t   C o n t e n t s  

"""""" I l - 8 l e n d  o f  p r o b e   d a t a  I 1 1 1 1 1 1 1 1  
""""""""""""""""~""""""-" 

I 
"""I """ I l s y m b o l s  I I u 

1 1 1 2 ( 3 1 4 ( 5 1 6 1 7 1 8 1   P r o b e   D a t a  End B y t e s   2 7 ,   5 4  

A 2 . 1 4 . 7   T e l e m e t r y  Mode C h a n q e s .   U p o n   a p p l i c a t i o n   o f   s y s t e m   p o u e r ,  R R H  s h a l l  
a u t o m a t i c a l l y   c o n f i g u r e   i t s e l f   t o   a n   o p e r a t i o n a l   m o d e .   A l l   d a t a  
s h a l l   b e   v a l i d .  
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A 2 . 1 5  O P E N  ITEMS A N D  TBD'S .  

A l l  T B D  i t e m s   i n   t h i s   d o c u m e n t   a r e   l i s t e d   i n   T a b l e   A 2 . 1 5 . 1 .  A L L  
k n o w n   o p e n   i t e m s   a r e   l i s t e d   i n   T a b l e   A 2 . 1 5 . 2 .  

T a b l e   A 2 . 1 5 . 1 .   G L L - 3 - 2 8 0  T B D  I tems 

I P A C E  I I D E N T I F I C A T I O N  I 
.................................. 

I T E H  I RESPONSIBLE I R E Q U I R E D  I 
I I I I E N G I N E E R  I CLOSURE I . 

I I I I I D A T E  I 
I I I I I I 

I I I ( B U S )   e l e m e n t s  I I I 
I I I I I I 
I I T a b l e   A 2 . 2 . 9  I A s s i g n  CDS I U .  Kohl  I 1 0 / 1 5 / 8 2  I 
I I I D i g i t a l   a n d  I I I 
I I I S o f t u a r e   b i t  I I I 
I I I D e f i n i t i o n s  I I I 
I I I I I I 
I I T a b l e   A 2 . 2 . 9  I A s s i g n  AACS I J .  R h o a d s  I 1 0 / 1 5 / 8 2  I 
I I I D i g i t a l   a n d  I I I 
I I I S o f t u e r e   b i t  I I I 
I I 1 D e f i n i t i o n s  I I I 
I I I I I I 

I 3 4  I 3 . 8 . 3 . 5  I Back  u p  S c i e n c e  I P .  B e y e r  I 1 / 1 / 8 5  I 

T a b l e   A 2 . 1 5 . 2 .   G L L - 3 - 2 8 0   O p e n  Items 
"""""""""""""""""""-"""""""""""""" 

I P A G E  I I D E N T I F I C A T I O N  I I T E H  I RESPONSIBLE I R E Q U I R E D  I 
I I 1 I E N G I N E E R  I CLOSURE I 
I I I I I D A T E  I 
I I I I I I 
I I I N O N E  I I 1 
I I I I I I 
I I I I I I 
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	0.040 I Yes I No I 0 I 0,30,60,90

	I I RIM
	Rate IReal-TimelRecordl(Hodulo l20)l HOD91 I HOD10 I MOD8
	No I n+ oc
	Offset to Start of Datal
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	Frame Time = 0.066 2/3 second
	FILLER
	I I LRS

	offset to
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	I """"""""""""""""""" -
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	I - ""
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	SOLOMON
	PAR I TY
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	I Data DescriDtion F rame Sec Data Start Paraaraph
	HeaFler
	Various
	Filler Data
	Frame Time = 0.066 2/3 second
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	Offset to
	I Data Description Frame Data Start Paragraph
	High Level Module (HLH)lA 40 0 A2.2.2
	Lou Level Module (LLH)lA 48 40 A2.2.3
	Data
	LLH ZA Data 16 88 A2.2.4
	HLM 16 Data 40 104 A2.2.5
	LLH 16 Data 48 144 A2.2.6
	LLH 26 Data 16 192 AZ
	AACS Data 128 208 A2.2.8
	spare
	40 344 A2.2.11

	40 384 A2.2.11
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	544 A2.2.11
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	creates the
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	LLMZB
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	I 'I
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	I Is
	I IN
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	lthan one byte are
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	II I LLM 1A I lpacket
	II I LLM 1B
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	3 I Packet I Ol(n216 I lldentifies the
	I number I I lspecific packet
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	Description stops here if desire is to
	II I just identify packet To identify a
	specific position the remaining items
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	I I I S1S I S2S I 11s I 12s I N1D I N1D
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	I Mode I b/s I I I I I Byte I Byte
	1200 b/s I 1200 1646-2/3( 580 )446-2/31 380 1246-2/31
	Packet(1)l
	Timing I Position Uithin Packet
	Position
	I A I 666-2/31 533-1/3 I 400 I 266-2/3 I 133-1/3
	I B I 633-1/31 500 1 366-2/3 I 233-1/3
	I C I 600 I 466-2/3 I 333-1/3 I 200 I 66-2/3

	433-1/3 I 300 I 166-2/3 I 33-1/3
	520 I 386-2/3 I 253-1/3
	473-1/3 I 340 I 206-2/3 I 73-1/3

	453-1/3 I 320 I 186-2/3 1 53-1/3
	406-2/3 1 273-1/3 I 140 I 6-2/3
	Multiplexer
	I Measurement
	CH data)
	CM data)
	I 2 I acn 1 output frequency
	acu 1 temperature measurement
	4 I acM 2 output frequency
	acM 2 temperature measurement
	6 I acw 3 output frequency
	I 7 1 acu 3 temperature measurement
	IISI

	I-

	<v)
	08 CDSE-0624
	09 CDSE-0625
	CDSE-0627
	12E-0628
	CDSE-0628

	13E-0629
	CDSE-0629

	14E-0630
	CDSE-0630

	15E-0631
	CDSE-0631

	16E-0632
	CDSE-0632
	CDSE-0634


	17E-0634
	CDSE-0634
	ment f3

	Change
	16 LSBs of cmd message s.ent
	Ito HCD-1A
	IO=error-free start word
	ll=error in start word
	IOnaccepted
	Ilrreiected
	(and accepted counter /message accepted by HCD-1A

	receivedlincrements by one for each
	(message rejected by HCD-1A


	256) '
	(1-81HCD-lA command frame lincrements by one for each
	"""" (1-8IHCD-1A data frame errorslincrements by one for each
	I I lcorrected counter ldata frame corrected by


	"""I- ""-
	"""" Il-81HCD-lA data frame errorslincrements by one for each
	I I (uncorrectable counter lerroneous data frame


	"""I """
	lock changes lincrcments by one for each
	I I lcounter llock change provided to


	"""I """
	1 (LLM-2A TLM port memory lO=no error

	II Juhen memory read by TLM
	"-""""" I 2 ILLM-2A microprocessor IO=no error
	I Istatus luhen memory read by
	II I I IDrocessor
	3 ILLM-ZA EA memory read lO=no error
	I luhen memory read by BA
	4 lengineering control port)O=no error
	(uhen memory read by engr
	I I I """- 1 5 ICC/DC error status IO=overurite not attempted
	lbuffer uhen already full
	protect IO-no error
	Il=urite attempt by EA into
	lprotected memory or I/O
	(selects


	(O-no error
	into protected
	lO=no error
	into protected
	Imemorv
	command message 16 LSBs of cmd message sent
	IDlerror-free start uord
	ilrerror in start uord
	ID=accepted


	""I "" I I I IdisDosition lloreiected
	I1-8lHCD-lB messages receivedlincrements by one for each
	I I land accepted counter linessage accepted by HCD-1B


	"""I """ I I ICMOD
	"""" 11-81HCD-lB messages receivedlincrements by one for each
	land rejected lmessage rejected by HCD-1B


	"""I """ I lcounter I(M0D
	lincrements by one for each

	ierrors by HCD-1B (HOD
	one for each
	corrected by


	"""I """ I I IHCD-IB (MOD
	data frame errorslincrements by one for each
	I I luncorrectable counter lerroneous data frame

	lincrements by one for each

	IHCD-lB (MOD
	""""_ I 4 IBUM-lA POR status
	II I I ll=one or more PORs
	"""_ I 5 IBUM-lA BA-ZB bus parity lO=no error
	lerror status Il=one or more parity errors
	I I ""_ I 6 IBUM-lA BA-2B transactionlO=no error
	I 'Ill I I linvolvins BUM-1A8s BA-2B
	I I I ---I 7 IBUM-lA BA-1A.bus parity lO=no error
	I I I I -1 8 IBUM-lA BA-1A transactionlO=no error
	-I-
	1 IBUM-IA telemetry IO=no error

	lparity error status (when memory read by
	I I Iformatter
	2 IBUM-IA telemetry lO=no error
	/parity error status lwhen memory read by
	II I I lseauencer
	3 IBUM-IA BA-2B IO=no error
	lwhen memory read by BA-2B
	error
	1' Istatus luhen memory read by BA-1A
	I I I I ---I 7 IBUM-IA BA-IA lO=no error
	I I I I I I lurite protect error llrwrite attempt by BA-2B
	I I I I I I I Istatus lint0 Drotected memory
	I I I I I -1 8 IBUM-lA BA-1A lorno error
	I I I I I I I lwrite protect error Illwrite attempt by BA-1A
	I I I I I I I I Istatus lint0 Drotected memory
	1 jLLM-lB

	1 jLLM-lB TLM port memory lO=no error
	]when memory read by TLM
	Iport
	II I Istatus /when memory read by
	II I I IDrocessor
	I """""- I 3 ILLM-1B BA memory read (O=no error
	iwhen memory read by BA
	error
	1 lstatus lwhen memory read by engr
	IIII I I lcontrot Dort
	IO=overwrite not attempted
	IIIII I I ibuffer uhen already full
	I I I I I ----- I 6 ILLM-lB BA write protect IO=no error
	IIIIII I lerror status llnurite attempt by BA into
	lprotected memory or 1/0
	IIIIII I I lsetects
	1 I 1 I I ---I 7 ILLM-IB microprocessor (O=no error
	I I I I I I I lurite protect error llnwrite attempt by
	I I I I I I I I Istatus lprocessor into protected
	IIIIIII I I lmemory
	I I I I I I -1 8 lengineering data port lO=no error
	I I I I I I I I lwrite protect error llrwrite attempt by engr
	I I I I I I I I I Istatus (drta port into protected
	IIIIIIIII I lmemory
	O=BOT
	""""""_ 1 2 lDMS Leader/tape status lO=on tape
	II I I Il=on leader
	""" 13-8ltic count status (6 MSB)l6 HSBs of the 16 bit
	I I ""I "" I I ltic count
	Il-8ltic count status (8 LSB>(8 LSBs of the 14 bit

	"""I """ I I I tic count
	"""""""_ILLM-28
	1 ILLM-28 TLM port memory IO=no error

	II [when memory read by TLM
	I I IDort
	2 ILLM-2B microprocessor IO=no error
	11 I Istatus luhen memory read by
	II I i lprocessor
	I """""_ I 3 ILLM-2B EA memory read lO=no error
	Ill I I iuhen memorv read bv BA
	I I """"_ I 4 (engineering control portlO=no error
	Istatus \when memory read by engr
	IO=overwrite not attempted
	IIIII I I !buffer when already full
	I I I I I ----- I 6 ILLM-ZB EA write protect IO=no error
	attempt by BA into
	lprotected memor'y or 1/0
	I11111 I I Iselects
	I I I I I ---I 7 ILLM-26 microprocessor IO=no error
	I I I I I 1 I Jurite protect error Illwrite attempt by
	I I I I I I I I Istatus lprocessor into protected
	IIIIIII I I lmemorv
	I I I I I I -1 8 lengineering data port lO=no error
	I I I I I I I I (write protect error Ilnwrite attempt by engr
	Idate port into protected
	I lmemorv
	I I II 1011=403.2 kb/s
	111=806.4 kb/s
	Ill=sleu
	(O=in lock
	I Il=out of Lock
	Il-2)direction/track
	1010=28.8 kb/s
	1011=403.2 kb/s
	110=57.6 kb/s
	1111=806.4 kb/s
	I I 16-7)mode
	lll=sleu
	I I I -- I 8 !servo lock IO=in lock
	not avai
	not avai
	not avai
	not avai


	not avai
	not avai
	not avai
	not avai
	ava
	ava
	ava
	ava
	ava
	avai
	ava
	avai
	ava
	ava
	ava
	avai
	avai
	avai
	avai
	not avai
	not avai
	not avai
	not avai
	I / /
	I MEMORY READOUT \ \ DATA
	\ \
	I I I I I I I \32
	I I I 8 I 8 I 8 18 I /TOTAL/)
	I USER I MEMORY I I I\ \I
	CODE I ADDRESS I I I\ \I
	/ 16 /I
	/ TOTAL/
	IData Description I Bits I Offset to I Paragraph
	I I frame I Data Start
	Bus User Code I 8 I 0 I A2.3.1.1
	Starting Address1 16 I 8 I A2.3.1.2
	Memory Readout I 256 I 24 I A2.3.1.3
	I Data


	Number of uords
	in Frame
	I I code
	EPD
	PPR
	A0

	A2
	A3
	A4
	A5
	AACS-A
	AACS-B
	CDS

	HLM-1A
	HLM-1B
	8C
	8D

	AC
	AD
	BUM-1A-1A
	BUM-1A-2B
	BUM-1B-18
	BUM-1B-2A
	8A
	8B
	8E
	8F
	AE
	AF



	ECL - 50 I S/C RELATIVE
	I I I lCOORDINATESl COORDINATES
	ROTOR ATTITUDE I PLATFORM ATTITUDE I PLATFORM RATE I ROTOR I ROTOR
	I I I I SPIN I SPIN
	CONE I CLOCK
	II I II I I I CONE I DELTA I ANGLE I POSITION I POSITION
	Isits
	Data Description IFramelData Start1 Comments(1)
	1 Rotor Attitude (2) I I llhe Least Significant Bit (LSB)
	Right Ascension (RA) I 16 I o Irepresents 1/216 revolution
	Declination (DEC)
	Tuist
	llhe Least Significant Bit (LSB)
	Irepresents 1/216 revolution
	Declination (DEC)
	Tuist
	interval
	Cross Cone
	I' lduring 8-1/3 millisecond interval
	Angle

	Clock Position
	Notes:
	Data is a 16 bit 2's complement number
	Data is predicted ahead to RT1
	1(3) Rotor twist represents rotation about the spacecraft Z-axis The twist
	I angle shall be defined as the angle from the projection of the Earth's
	I North Pole onto the X-Y plane to the Rotor -X-axis (positive rotation
	I about the Z-axis provides a positive twist angle
	Platform tuist represents rotation about the scan platform boresight
	I (L- axis The tuist angle shall be defined as the angle from the
	I projection of the Earth's North Pole onto the M-N plane to the scan
	I platform "-axis (positive rotation about the L-axis provides a
	positive tuist angle
	Spin position angle represents the angle from the projection of the
	North Ecliptic Pole vector on the X-Y plane to the X-axis. Positive
	rotation about the Z-axis provides a positive spin position angle
	Cone position represents the null offset corrected encoder angle
	betueen the -Z-axis and the scan platform boresight L-axis). An
	increasing encoder reading represents an increasing +N rotation of the
	scan platform uith respect to the stator
	Clock position represents the null offset corrected angle between the
	-Y-axis of the rotor and the SAS shaft N-axis, nominally the -Y-axis
	the stator An increasing encoder reading represents an
	increasing -2 rotation of the rotor with respect to the stator
	Il-6lion grid amplifier 110 to10-
	I 1 IOUtDUt I Cou 1 ombs
	I --- 17-81ion grid threshold lthreshold value in


	""I "" L I I I bi nary
	11121314151617181 DDS Byte
	I 1 lthreshold status lO=commanded
	I I I Il=automatic
	""""" 12-6lchanneltron output 110-12 to
	I I I I I Cou 1 ombs
	"- (7-8lchanneltron thresholdlthreshold kalue in
	I "-I"- L I I I bi nary
	11121314151617181 DDS Byte
	Il-6ltarget pulse ampli- 110 to10-
	I I If ier output I Coulombs


	""I "" L I !threshold I binary
	11121314151617181 DDS Byte
	I I lamplitude output 110-15 110 to Cb(pos
	"- 17-8lprimary pulse lthreshold value in

	""I "" L I lthreshold I bi nary
	11 to 400 microseconds
	Iflighttime
	lOOO=any channel


	1 I=n/a
	DDS Byte
	Il-41tarqet pulse risetime110 to 100 microseconds
	I ----- I5-8lion grid pulse 110 to 100 microseconds


	"I" "I" I lrisetime
	11121314151617181 DDS Byte
	Il-4ltarget-ion grid 11 to 50 microseconds
	I I Iflighttime
	"""" I 5 Itarget-ion grid lO=no coincidence
	I I I lcoincidence Ilrcoincidence
	""" I 6 lion grid-channeltron IO=no coincidence
	I II I lcoincidcnce ll=coincidence
	I I I --- 17-8levent class number lclass number in binary

	11121314151617181 DDS Byte
	""""""- Il-4lmeasurement of lbinary number
	I I (entrance grid noise
	I I IDulses detected
	(binary number


	"I" "I" I ldetected
	11121314151617181 DDS Byte
	Il-41ion grid noise pulseslbinary number
	I I ldetected
	15-8lchanneltron noise lbinary number


	"I" "I" I IDulses detected
	DDS Byte
	Il-8lclass counter 0 lbinary count

	11121314151617181 DDS Byte
	(l-8lclass counter 1 lbinary count

	11121314151617181 DOS Byte
	11-8lclass counter 2 lbinarv count

	11121314151617181 DDS Byte
	(l-8iclass counter 3 lbinarv count
	14 LSB of RIM
	time of event (bits 2 through 5 of
	DDS Byte
	(8 MSB of sum of spin

	"""I """
	DDS Byte
	threshold Lou 10 to 255 commandable
	I level


	"""I """
	11121314151617181 DDS set points 1 Byte
	threshold high 10 to 255 commandable
	I Level

	"""I """
	DDS set points 1 Byte
	threshold low 10 to 255 commendable
	I I level

	DDS set points 1 Byte
	threshold high 10 to 255 commandable
	I I level
	DDS set points 1 Byte

	threshold low 10 to 255 commandable
	I I t eve1
	DDS set points 1 Byte


	threshold high ID to 255 commandable

	I I level
	DDS set points 1 Byte
	threshold Lou 10 to 255 commandable

	I I level
	DDS set points 1 Byte
	threshold high 10 to 255 commandable

	I I level
	DDS set points 1 Byte
	threshold high 10 to 255 commandable

	I I level
	DDS set points 1 Byte
	threshold high 10 to 255 commandable

	I I level
	DDS set points 1 Byte
	threshold high 10 to 255 commandable

	I I level
	DDS set points 1 Byte
	threshold high 10 to 255 commandable

	I I level
	DDS set points 1 Byte
	threshold low 10 to 255 commandable

	I I level
	DDS set points 1 Byte
	threshold Low 10 to 255 commendable

	I I level
	DDS set points 1 Byte
	I1-8lCA threshold Low 10 to 255 commandable
	I Level
	11121314151617181 DDS set points 1 Byte
	10 to 255 commandable
	"""I """ I I Level


	11121314151617181 DDS set points 2 Byte
	(1-8IHVC threshold low 10 to 255 commandable
	I level


	"""I """
	11121314151617181 DDS set points 2 Byte
	I1-8ICUR threshold high 10 to 255 commandable
	I level


	"""I """
	11121314151617181 DDS set points 2 Byte
	11121314151617181 DDS set points 2 Byte
	11-8lsDare

	11121314151617181 DOS set points 2 Byte

	II 1010=set points
	I II JO11=set points
	I II llDO=auto test pulse
	I II IlOl=cmdcd test pulse
	I II Illo=mcmory content
	I I Illl=sDare
	IOssector data not valid
	llssector deta valid
	lO=data not transmitted
	I I1 I I status previously
	I II I (modes 2 8 3:spare Il=data transmitted
	I II I I IDreviouslv
	16-81mode 1:E range statuslE range science data

	11121314151617181 DDS Byte
	(CPU status (CPU and

	"""I """ I 1 lmemorv check)
	DDS Byte
	11-8lexDeriment current 115 to 100 ma
	DDS Byte

	channeltron high 10 to 2500 volts

	lvoltase
	DDS Byte
	sensor ion grid 10 to -512 volts

	ihieh voltaae
	DDS Byte
	*10 volts diqital 10 to 15.36 volts
	Byte


	"""I""" Il-8lsDare
	1-8lautocalibrator index Ibinary number identifies

	l#lO IS.I.=61 contents
	lvottape #lo
	1-8lupper alarm threshold1
	lfor LEMMS telescope


	ItemDerature
	l-8llower alarm threshold1
	"""""_
	lfor LEMMS telescope


	ItemDerature
	11-81+3 volts Dower
	I "" I 8 llnternal Monitor I O=Disabled


	l=Enabled
	"""I """ I I#ll IS.I.=67 contents
	Il-8lautocalibrator AGC 10 to 5.1 volts

	I lvottaae
	I E03
	I E13
	I A03
	I A13
	I A22
	I E22
	I E32
	I F02
	I F12
	I A32
	I A42
	I A52
	I A62
	I A72
	349-358 I F21 I F22
	359-368 I F31 I F32
	369-378 I CE2 CEZP I CM3 CM3P
	379-388 I CE3 CE3P I CW4 CM4P
	389-398 I CE1 CElP I CM5 CM5P
	399-408 I CP1 CPlP I CN1 CNlP
	409-418 I I E
	419-428 I I E14
	429-438 I I A04

	449-458 I CP2 CP2P I CH2 CHZP
	459-468 I CP3 CP3P I CH3 CH3P
	469-478 I CHO CHOP I CH4 CH4P
	479-488 I CH1 CHlP I CH5 CH5P
	489-498 I I EB1 KS KP
	499-508 I I EB2 JB E62
	509-518 I I FB2 FB1 FB1
	519-528 I I AS AS AS
	529-538 I I CAO CAOP
	539-548 1 I CA2 CA2P
	549-558 I I 9s LS

	569-578 I CA1 CAlP I CWO CMOP
	579-588 I CA3 CA3P I CM2 CM2P
	589-598 I CA4 CA4P I CNO CNOP
	599-608 I CMl CMlP I DS JC JCP
	the same as in footnote
	"""""""""""""""""""""""""-""""-"-----
	high (216 KnT)

	I I I low or outboard sensor high
	I (ALL OTHERS ARE N/A

	1 I MAG select and gain select(OlOlXXXXXXXXXXXX(*)= Outboard
	I I IxxxxxxXxOlOlXXXX= Inboard sensor
	I I IxxXxXxXXlOlOXXXX= Inboard sensor
	I I IxxxxxxXxxXxXOlOl= Inboard sensor
	I Jxxxxxxxxxxxx1010= Inboard sensor

	(ALL OTHERS ARE N/A
	2 I Current flip positions )11100001XXXXXXXX=
	flipped left
	flipped right
	flipped left
	I IALL OTHERS ARE N/A
	3 I Last flip command (11100001xxxXxXXX=
	commanded left
	commanded right
	I I (xXxxxxxx00011110= Inboard sensor

	commanded left
	I (ALL OTHERS ARE N/A

	I I )0000100OXXXXXXXX= Flipper pouer
	I I I on start, flipper power
	I I I decrements from 1000 to
	I I A step occurs at every MOD
	I I I count)
	I I IALL OTHERS ARE N/A
	1-2 to 1.999939
	1-2 to 1.999939
	1-2 to 1.999939
	Field Units
	Field Units
	Field Units
	-1 to 0.9999695
	-1 to 0.9999695
	-1 to 0.9999695
	-1 to 0.9999695 '
	-1 to 0.9999695
	-1 to 0.9999695
	-1 to 0.9999695
	-1 to 0.9999695
	Despin on
	I 1 [ALL OTHERS ARE N/A
	16 MSB's of RIM
	8 LSB of RIM and MOD 91 count
	spin ansle as received from CDS
	24 I Spin delta angle I spin delta as received from CDS
	25 I Xw at 21 I Field Units
	26 1 Yh+++I at 21 I Field Units
	27 I ZI "I at 21 I Field Units
	OTHERS ARE N/A
	29 I Optimal averager/ 101010101XXXXXXXX= Optimal
	I I snapshot data status I averager on
	I I I everager off
	I lALL OTHERS ARE N/A
	30 I Memotv keep alive volt I -20 V to 19.9993900
	31 I +12 Volts DC 1 -20 V to 19.9993900
	32 I +10 Volts DC I -20 V to 19.9993900
	33 I -12 Volts DC I -20 V to 19.9993900
	I -20 V to 19.9993900
	35 I Reference Gnd I -5 v to +5
	36 I Temperature Electronics I -5 V to 4.9998475
	37 I +v - clip I -5 V to 4.9998475
	38 I -V - clip I -5 V to 4.9998475
	40 I XNF I Field Units
	41 I YNF I Field Units
	42 I ZNF I Field Units
	44 I spare
	45 I spare
	46 I DSP-Constant
	47 I Aver #
	48 I spare
	49 I spare
	50 I X aver I Field Units
	51 I x- Sin 9 aver I Field Units
	I 2 X" Field Units
	53 I Y aver I Field Units
	54 I YI Sin 9 aver I Field Units
	55 I Y Cos 9 aver I Field Units
	56 I 2 aver I Field Units


	* I 57 I *:
	Sin 9 aver I Field Units
	58 I 2 Cos 9 aver I Field Units
	59 I sYDare
	61 I ROR checksum I LSBytesO to
	63 I RAM checksum 1 LSByte=O to
	- SOFFF
	- S46FF
	16 MSB's of RIM
	8 LSB of RIM and MOD 91 count
	spin angle as received from CDS
	sDin delta as received from CDS
	Field Units
	Field Units
	Field Units
	14800 (HEX) to 4D00 (HEX)
	I I address
	Field Units
	Field Units
	Field Units
	Field Units
	Field Units

	Field Units
	Field Units
	Field Units
	Field Units
	Field Units
	Field Units
	Field Units
	Field Units
	Field Units
	1 Field Units
	Field Units
	each
	I I I POR
	lltemory IMcmory
	lltemory
	ILocation
	14800 8 LSB Sensor 3 data C!
	14800 8 MSB of X 0 T
	(4801 8 MSB Sensor 3 data 0 T
	14801 8 LSB of X 0 T
	14802 8 LSB Sensor 2 data C! T
	(4802 8 MSB of Y 0 T

	(4803 8 MSB Sensor 2 data &l T
	14803 8 LSB of Y 0 T
	14804 8 LSB Sensor 1 data C! T
	14804 8 MSB of 2 0 T
	14805 8 MSB Sensor 1 data &l T
	14805 8 LSB of 2 0 T
	8 LSB Sensor 3 data 0 T
	8 MSB of X 0 T
	8 MSB Sensor 3 data &l T
	8 LSB Sensor 2 data 0 T

	8 MSB Sensor 2 data &l
	8 LSB Sensor 1 data 0 T
	I4CAE 8 MSB of 2 0 T
	)4CEA

	8 MSB Sensor 1 data &l T
	16 MSB of RIM (SCLK)
	14CF1

	8 LSB of RIM and MOD91
	14CF3
	14CF2 8 MSB of RIM and MOD91
	(1-81grating delta: PTAB 1lR of steps grating will
	"""I """ I lmove after mirror scan

	11121314151617181 NIUS Housekeeping Uord
	Il-81grating cycle steps: ltotal R of steps in

	"""I """ I 1 PTAB 1 lsratins cycle
	NlUS Housekeeping Uord
	repeat count: I# of times to repeat
	(PTAB 2 (this table before


	I I Iswitchins to PTAB
	NIUS Housekeeping Uord

	1 Imir.ror operation bit:ll=mirror is scanning
	IPTAB 2 IO=mirror is fixed
	2 lautobias operation ll=autobias off
	13-81grating start
	I IDosition: PTAB

	NIMS Housekeeping Uord
	ll-81grating delta: PTAB ZlW of steps grating will

	I I lmove after mirror scan
	NlUS Housekeeping Uord
	Il-Blgrating cycle steps: ltotat # of steps in

	IPTAB 2 lgrating cvcte
	11-81grating position lpositions0-2526-255

	"""I """ I I Iare N/A
	11121314151617181 NIMS Housekeeping Uord
	(1-817th byte cmd buffer

	NIUS Housekeeping Uord
	11-816th bvte cmd buffer

	NIWS Housekeeping Uord
	byte cmd buffer
	121314151617181 NIMS Housekeeping Uord
	- - - - - - - (1-814th byte cmd buffer

	NlMS Housekeeping Uord
	- - - - - - Il-813rd byte cmd buffer
	"""" - (1-812nd byte cmd buffer

	NlMS Housekeeping Uord
	"""""""""""""""""""""""""
	lcount of bus parity
	lerrors in transaction

	(count of all bus parity

	"""I """
	11121314151617181 NlMS Housekeeping Uord
	"""""""""""""""""""""""""

	NlMS Housekeeping Uord
	"""""""""""""""""""""""""
	""" "- Il-81ave mirror drive I lo to 200 ma

	NIMS Housekeeping Uord
	"""""""""""""""""""""""""
	Il-lllave aratina drive I 10 to 200 ma
	lO=PTAB

	NIMS Housekeeping Uord
	"" ""_ Il-8loptics cal source 1 10 to 100 ma

	NIMS Housekeeping Uord
	17-8iSi channel MS byte

	""I ""
	NIMS Housekeeping Uord
	channel LS byte

	11121314151617181 NIMS Housekeeping Uord
	I --- (7-811nSb channel HS byte
	""I ""

	NIMS Housekeeping Uord
	""""- I1-8ilnSb channel LS byte

	NIMS Housekeeping Uord
	)l-8[check sum iROH check sum

	NIMS Housekeepin9 Uord
	Data


	Analog Engineering
	Data offset
	Bi ts/packet
	A2.8.2.4
	A2.8.2.2 HRS Digital Status 8 Analog Ensineerinq The HRS Digital Status
	again uhen the UOD 10 count is
	Il-B(mode repeat count: I# of times to repeat
	I I (current PTAB Ithis table

	"""I """
	NIHS Housekeeping Uord
	"""1""""- I 1 (mirror operation bit 11-mirror is scanning

	I I I lO=rnirror is fixed
	""""""" I 2 lautobias operation ll=autobias off
	II I lbit iO=autobias on
	13-8lgrating start
	I I ""I "" I (Dosition

	NlMS Housekeeping Word
	I# of steps grating uilt

	I I lmove after mirror scan
	NIMS Housekeeping Uord
	ll-81grating cycle steps ltotal # of steps in

	I I laratina cycle
	NIMS Housekeeping Uord
	11-81grating position lpositions0-2526-255

	I 1 Iare N/A
	NlMS Housekeeping Uord
	lpositions0-1920-255

	I I lare N/A
	NIMS Housekeeping Uord
	byte cmd buffer
	NIMS Housekeeping Uord

	byte cmd buffer
	NIMS Housekeeping Uord

	byte cmd buffer
	NIMS Housekeeping Uord

	byte cmd buffer
	NIMS Housekeeping Uord

	ll-813rd byte cmd buffer

	NIMS Housekeeping Uord
	byte cmd buffer

	NIMS Housekeeping Uord
	Uord # Bvte MOD 91 MOD
	consist of 5 bytes of background infrared science data These
	18 MSB of
	"""I """ I Iqround word A

	"""I """

	11121314151617181 NIMS Beckground Byte
	11-212 LSB of NlMS Back- 12 LSB Of
	I I lqround word A
	"""- 13-816 MSB of NIMS Back- (6 MSB of
	I ""I "" I laround word B

	NlMS Background Byte
	11-8ltemperature; bias A I -35 to 50 deg C

	"""I"""
	Byte 26 S.1 =
	ground I 0.0 volts
	"""I""" I lreference B
	11-8)energy analyzer A HVI 0 to 2600 volts
	Il-8lenergy analyzer B HV I 0 to 2600 volts
	Il-8lenergy analyzer


	"""I""" I lmonitor steDs 0 to

	Byte 92 to 155 S.I = 119 -
	Il-8lcomposition analyzer I 0 to 300 ma
	I I lcurrent monitor A

	"""I""" I IsteDs 0 to

	Byte 156 to 219 S.I = 210 -
	Il-8lcomposition analyzer I 0 to 300 ma
	I I lcurrent monitor B

	"""I""" I IsteDs 0 to
	1 I Block 1 D
	2 I Block Size
	3 I Enable Byte
	4 I Configuration Control Bvte
	5 I Pouer Suitchina Bvte
	6 I AACS S/C Clock Sectoring Bvte
	Byte 49 I Last Critical Telemetry Bvte
	"""""""""I 1 I auxiliary heater I O=off

	I l"-l-control B _"" 1 _""I" """""""""_
	I """"""""I 2 I auxiliary heater I Oxoff
	11 I"-l-control A """""_I" """""""""_
	I I --------------I 3 I supplemental heater I Oroff
	1 I "---"""-I 4 I supplemental heater I O=off
	IIII I"-l-control A """""_I" """""""""-
	5 I low voltage 8.0 I O=off
	I I I I I """"I 6 I low voltage +6-0 I Oroff
	I I I I I 1 """ I 7 I low voltage 7.5 I Otoff
	IIIIIII "" I 8 I low voltage +27 I O=off
	1-6l-spare """""""_I
	OO=sectoring synchro-

	nited to S/C clock
	Ms byte of memory


	address """"I """""""_" """"
	I """"""_
	LS byte of memory

	"""I """ I"-l-dumD address """"I """""""""_"""
	I """"""-
	peak detector sensor I I.D (see Table A2.9.8
	I I1 I modulation during


	I """"""_
	Length I Para
	l"(bYtes)"-l"""""
	30 I Mode Sequencing Block A I 13 I A2.9.4.1
	32 I Mode Sequencing Block B I 13 I A2.9.4.1
	20 I Sensor Sequencing Block A IN* (11 max A2.9.4.2
	22 I Sensor Sequencing Block B IN (11 max.)l A2.9.4.2
	28 I Sector Sequencing Block A 1 6 I A2.9.4.3
	2A I Sector Sequencing Block B I 6 I A2.9.4.3
	24 I High Voltage Sequencing Block A I 4 I A2.9.4.4
	26 I High Voltage Sequencing Block B I 4 I A2.9.4.4
	2C I Uass Analyzer Sequencing Block AIN (65 max I A2.9.4.5
	2E I Uass Analyzer Sequencing Block BIN (65 max I A2.9.4.5


	IN (1280 max)l A2.9.4.6
	count
	Sensor Data B IN (1280 max)l A2.9.4.6
	1 count
	Length I Para
	I 00 I NOP (fill) I N (47 max.)l A2.9.4.7
	06 I Digital Status I 47 l'A2.9.3.2
	08 I Analog Sequencing Block I N (47 max A2.9.4.9
	A2.9.4.1 Mode Seauencina Block The Mode Sequencing Block consists of
	1 1' Block 1 D
	2 I Block Size
	3 I Mode number of spin
	Mode number of spin
	types

	Mode number of spin
	Mode number of spin
	types

	Mode number of spin
	types

	Mode number of spin
	types

	Mode number of spin
	tYDes

	Mode number of spin
	types

	Mode number of spin
	types

	Mode number of spin
	Mode number of spin
	types

	Mode number of spin
	types

	End Code (FF HEX)
	PLS Instrument B Mode
	Velocity Distribution

	Beam Velocity
	Beam Mass Composition
	HEX)
	BLock Size <N)
	First sensor 1 D
	Second sensor 1 D
	Third sensor 1 D
	Byte
	I / /
	I \ \
	/ I / /

	Last sensor 1 D
	End Code (FF HEX)
	1 D Code 1 Sensor
	I 3p
	I 5p
	I 3E
	I 5E
	I 2p
	I 4p
	I 1MD
	I 3MD
	I 2E
	I 4E



	A2.9.4.3 Sector Seawencing Block The Sector Sequencing BLock consists of
	28.A. 2A.B HEX)
	Block Size
	first
	Duration of each energy (or mass)
	sten in 8.33 ms units

	Number of steps to be scanned
	this sector

	Clock angle i,ncrement to start of
	next sector

	Number of sectors to be sampled
	one spin

	End Code (FF HEX)
	Byte 1 I Block I.D 24=A. 26.8 HEX)
	Byte 2 I Block Size
	Byte 3 I Initial Step Number
	Byte 4 I Step Number increment
	Byte 5 I Final Step Number
	Byte 6 1 End Code (FF HEX)
	Byte 1 I Block I.D 2C=A. 2E=B HEX)
	Byte 2 I Block Size <N)
	Byte 3 I First mass analvsis step number
	Byte 4 I Second mass analvsis 8teD number
	Byte 5 I Third mass analvrir step number
	Byte 6 I Fourth mass analvrir steD number
	Byte N+l I Last mass analvsis steD number
	Byte N+2 I End Code (FF HEX)
	Byte 1 I Block 1 D (40 + N=A 80 + NIB;
	I where NtElock Site)

	Byte 2 I First sensor datum
	Byte 3 I Second sensor datum
	Byte 4 I Third sensor datum
	Byte 5 I Fourth sensor datum
	/ /
	\ \
	/ /

	Byte N I Last sensor datum


	11 415 I1
	------"--->
	for X*O N=(16+C)
	Block 1 D
	Block Size (I)
	Fill Data
	Fill Data
	/ /
	\ \
	/ /

	Data
	Data
	Block I D
	Block Size (N)
	First Analog Measurement 1.D
	Second Analog Measurement 1.D
	Third Analoa Measurement I.D
	I.D
	End Code <FF HEX)
	Contents
	2600 volts

	I lhigh voltage
	A (detector bias 10 to 3800 volts
	I I lhiah voltaae
	1021 A I composition I 0 to 150 ma
	I I I analyzer
	I I I current
	A I LVPS current I 0 to 200 ma
	(energy analyzer1 0 to 20 ma
	I I I current
	A ILVPS 8.0 volts1 0 to -10 volts
	A I LVPS +5 volts I 0 to 8 volts
	A ILVPS 6.5 volts1 0 to 8 volts
	A ILVPS 7.5 voltsl 0 to 10 volts
	A I LVPS +10 voltsl 0 to 15 volts
	A I LVPS +27 volts1 0 to '40 volts
	I OBI A I o volts ref 10 to 5 volts
	I I 13 voltseclosed
	IOCI A I temperature I -78 to
	esrees
	I OD1 A \detector bias I 0 to 30 ma
	I OEI A I supplemental I o to 5 volts
	I I Iheater control
	A I spare
	lhiah voltage
	I lhiph voltage
	Contents
	1121 B I composition I 0 to 150 ma
	I I I analyzer
	I I current

	I 13 1 B I LVPS current I 0 to 200 ma
	I 14 I B !energy analyzer1 0 to 20 ma
	I I current

	I 15 I B ILVPS 8.0 volts1 0 to -10 volts
	I LVPS +5 volts I 0 to 8 volts
	I 17 I B ILVPS 6.5 volts1 0 to 8 volts
	I 18 I B ILVPS 7.5 voltsl 0 to 10 volts
	I 19 I B I LVPS +10 voltsl 0 to 15 volts


	I 1A I B 1 LVPS +27 volts1 0 to 40 volts
	IlBI B I 0 volts ref 10 to 5 volts
	B I temperature I -78 to
	transducer I dearees

	B I detector bias I 0 to 30 ma
	I current

	B I spare
	B I sDare

	Block I D
	Block Size (N)
	First Analoa Measurement Value
	Second Analog Measurement Value
	Third Analog Measurement Value
	Fourth Analog Measurement Value
	/ /
	\ \
	/ /

	Byte N+l I Last Analog Measurement Value
	Byte N+2 I End Code (FF HEX)
	lfor samples #1A and


	)O=PP/PH scene science
	I II I data
	I 18 science temoerature
	I I I lposition #1 )position (0-31) corres-
	I I II (of bytes8-10
	I I I [(bit 2 is MSB)
	)during S/C roll with
	(boom sequence operation
	lactive to serve as a
	Ion successive rolls
	and 1B data taken
	luith internal or ex-
	lsequence operation
	I 8 Iparity #1 (parity IO=even parity
	I I II I !of science data Il=odd parity
	I "-I"- I I I (bytes7-10)
	""""" Il-8)scene science sample 18 MSBs of a 12 bit word
	ldenoting the 1st PP/PH


	"""I """
	""""" 11-81high frequency sub- I See Table A2.11.7


	"""I """ I icommutated data
	11121314151617181 Byte
	""""" Il-8lspectrum analyzer I See Table A2.11.6
	"""I """ I lsubcommutated


	"""I """ I lsubcommutated data
	Byte
	""""" 11-blsueep frequency !See Table A2.11.8
	I I lreceiver
	"""I """ I lsubcommutated


	"""I """ I lsubcommutated data
	Byte
	Il-8lsueep frequency lSee Table A2.11.8
	I I lreceiver


	"""I """ I lsubcommutated data
	11121314151617181 Byte
	""""" 11-8)high frequency sub- I See Table A2.11.7

	"""I""" I lcommutated data
	11121314151617181 Byte
	Center
	I SI I lfreauencv (Hz)
	I Byte
	I 13 I 1 lo9
	I1 S.F.R Byte


	I"" I I I (Hz) II I <Hz)
	1211
	I311
	I411
	I511
	I611
	I711
	I 9 I1
	I 10 I1
	I 12 I1
	I 15 I1
	I 20 I1
	Table A2.12.1 Relationship of SI'S to MOD
	MOD
	Byte 1 Byte
	Uord
	Word
	Word
	Word
	Word
	Word
	Word
	Word
	Word
	Word
	Word
	Word
	Word

	11-8lsubcomnutated date


	11121314151611181 SSI Housekeeping Data Word
	Il-8lprogrammed memory [DN of word addressed by
	"""I ""- - I luord readout I readout


	11121314151617181 SS1 Housekeeping Data Word
	error count lcount of Darity errors
	15-8lunrecognized cmd lcount of unrecognized

	"I" "I" I I count I commands

	MOD91=26 Subcornmutated SSI Housekeeping Data Word
	"""I """ I lcount lreceived

	"""I """ I lcount lreceived from CDS
	1112131415161718) MOD91=39 Subcommutated SSI Housekeeping Data Word
	"""I """ I I count lreceived from CDS
	11121314151617181 MOD91=52 Subcommutated SSI Housekeeping Data Uord
	""""- 11-Slprimary program lresult of ROM checksum

	I lmemory checksum <ROM)l
	MOD91=65 Subcornmutated SSI Housekeeping Data Uord
	I lmemorv checksum (RAMI1
	11121314151617181 MOD9ln78 Subcornmutated SSI Housekeeping Data Word
	Data Uord
	Data Uord
	Data Uord
	Data Uord
	!bits of signal
	(amplitude
	Isample - or repeat of1
	(2nd sample if

	Isample not ready
	(Availability depends
	asynchrononous
	ltiming between RRH
	loperating at probe
	ldata rate and CDS
	"""I """ I lcoltection interval.)l

	"""I """
	11121314151617181 RRH Receiver Data Bytes
	Il-BIRRH subcommed data asldetermined by MOD
	I I lshown in Tables lcount in Bytes
	I I 1A2.14.3 through IBits5-8
	"""I """ I lA2.14.7


	"""I """
	11121314151617181 RRH Receiver Data Bytes
	"""""" Il-81RRH subcommed data asldetermined by MOD
	I I (shown in Tables (count in Bytes
	I I lA2.14.3 through IBits5-8


	"""I """
	11121314151617181 RRH Receiver Data Bytes
	"""""" Il-IIRRH subcommed data asldetermined by MOD
	I I )shown in Tables lcount in Bytes
	I I A2.14.3 through IBits5-8
	lA2.14.7


	RRH Receiver Data Bytes
	receiver data vary with Mod 10 count seen in Byte 2 29; Bits
	A2.14.5 Mod 10 count = 6 is described in Table A2.14.6 Mod
	frequency Most18 MSBOs


	frequency Most18 MSBOs of probe signal
	ISignificant Bits lfrequency (24 bits


	"""I """ I I Itotat)
	RRH Receiver Subcommed Data Bytes
	Il-8lsignal frequency Most18 LSBls of probe signal
	(24 bits
	I total)


	RRH Receiver Subcommed Data Bytes
	LSBIs of probe signal
	ILeast Significant lfrequency (24 bits


	"""I """ I isits I totat
	11121314151617181 RRH Receiver Subcommed Data Bytes
	Il-8lsignal amplitude Most18 MSB's of probe signal

	RRH Receiver Subcommed Data Bytes
	image count18 LSBIS of SCLK RIM
	ILeast Significant


	"""I""" I Isits
	RRH Receiver Subcommed Data Bytes
	91 count 18 bits of SCLK HOD

	11121314151617181 RRH Receiver Subconmed Data Bytes
	Il-8lcommanded frequency Ifrequency =
	11121314151617181 RRH Receiver Subcommed Data Bytes
	""""""_ Il-8lcommanded frequency lfrequency rate = 0 for
	Irate I DN > 44, or


	"""I """
	11121314151617181 RRH Receiver Subcommed Data Bytes
	(1-alsoare

	1112131415161718) RRH Receiver Subcommed Data Bytes
	lphase error averaged

	"""I """
	11121314151617181 RRH Receiver Subcommed Data Bytes
	phase error labsolute value of phase
	I I1 lerror averaged over


	"""I """
	RRH Receiver Subcommcd Data Bytes
	(1-8)noise level lnoise power level
	lmeasured at the output


	"""I """
	11121314151617181 RRH Receiver Subcommed Data Bytes
	error count InOD 256 count of

	-""-I """ I I lreiected commands

	11121314151617181 RRH Receiver Subconmed Data Bytes
	Il-81spare

	11121314151617181 RRH Receiver Subconrned Data Bytes
	11121314151617181 RRH Receiver Subconmed Data Bytes
	1 lfirst probe symbol
	I I lstart
	"""""""_ 12-4lfirst probe symbol 13 bits representing the
	II I I lfirst probe symbol
	I 5 l2nd probe symbol
	I Istart
	IO
	I -1- I -1- I I 12nd probe symbol
	11-
	11121314151617181 Probe Data Bytes
	I 1 13rd probe symbol IO

	I I lstart
	12-413rd probe symbol 13 bits representing the
	I I tfirst probe symbol
	Io
	I lstart
	IO
	I -1- I -1- I I l2nd probe symbol
	Probe Data Bytes
	And so on until Bytes

	I TEH I RESPONSIBLE I REQUIRED
	I I I I I DATE
	34 I 3.8.3.5 I Back up Science I P Beyer
	I I I (BUS) elements
	I I Table A2.2.9 I Assign CDS I U Kohl I 10/15/82
	I I I Digital and
	I I I Softuare bit
	I I I Definitions
	I I Table A2.2.9 I Assign AACS I J Rhoads I 10/15/82
	I I I Digital and
	I I I Softuere bit
	I I 1 Definitions
	IPAGE I IDENTIFICATION I I TEH I RESPONSIBLE I REQUIRED
	CLOSURE
	I DATE
	I NONE

